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and is very approximately proportional to the actual pleasure, and hence 
decreases regularly with elevation. 

(6) The amplitude of the twelve-hourly component of the oscillation for the mean 

day of the year (or the annual value of UJ decreases with latitude accord- 
ing to the following law (</> denoting the latitude) U,='g84— ‘188 sin. $ 
— ‘9j8 bu.*4 in millimetres or U.s'ojcfl— ■0074 or, ^—'0385 sinty in 
English measure. These formula give very approximate results up to 
Lat 60 s . Another approximate and simpler forraola is 
Ui=—‘5S2+i , i 84 cos' ^ in Trench units and = “"089 -{-*475 cos* ^ in English 
units. 

(7) The following gives normal valnea of U, (or the mean day of the year id 
different latitudes 



(D) Epochs and periods of the second or twelve hourly component ! — 

(1) The mean value of «, is 155“, corresponding to maximum epochs of 9-50 a.m. 
and p.m. 

(a) There are iargeaieas or regions where the epochs ate accelerated and other 
equally large regions in which they are retarded. Stations in the interior 
and on the east coast of Asia shew largish positive deviations of a, from this 
value, averaging twelve minutes in amount. At oceanic stations iu the 
tropics there is an acceleration of the epochs avenging right minutes. 

(3) Stations between icRN, and ao°S. Let. give s mean value of n,=is8° 

nearly, corresponding to an acceleration oi the maximum epoch by six 
minutes. 

(4) The most important feature of the twolve-hooriy component is its uniformity in 

character between the S5°N. and SS°S. parallels of latitude. This compo- 
nent is in fact to a remarkable extent independent of local meteorological 
couditona. 

(5) u, (more especially when expressed in time) varies very slightly through- 

out the year. It is slightly leu than the mean in summer and slightly 
* greater in winter, indicating that the maximum epochs are slightly 
accelerated in winter and slightly delayed in summer, 
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DISCUSSION OF THE RESULTS OF THE .HOURLY OBSERVATIONS 


(S) Hence there is a feeble relation' between the epochs oi the twelve- hourly 
component and the seasons of the year 

(E) Amplitude of the third or eight-hourly component 

(0 Uj is almost independent of the latitude> 

(2) Uj eihihits a strongly pronounced yearly variation, its maximum being in 
January and minimum in June or July. 

{3] The third component has a strongly marked annual variation, the mamma 
amplitudes being fonr to six times greater than the minima. The ampli- 
tudes are very email in spring and in aotnmn when the son ia over the 
equator. Their abaolnte or primary maxima valuta ant in the winter o| 
each hemisphere and the secondary maxima iu summer. The annual 
variation of the amplitude of the third component is hence related to 
general seasonal changes, and not to local conditions. . 

(4) The ratio of U, to U, or to U, decreases with increasing latitude, or in other 

words, the third component decreases in importance with increasing latitude. 

(5) As a conclusion from these facta Dr. Hann considers that the regularity of the 

annual variation of so small a quantity in all cases is sc remarkable as to 
Wrongly Suggest that the third component is not in accidental local or 
him*. liMiriKaiasR, of. tb*. <jh*acm»nBa. bus. ix a. waL asri. bsihujieivtaJb cwMij.. 
tueut of the dally oscillation. 

In the memoir on the subject entitled ■' Waters. UnterBuchungen abet die Thgliche 
Oscillation des Barometers," Dr. Hsnn deals chiefly with the more important features of 
Tut Stomal oscfflafion ot pressure as tibierveh on mountain peaks anh'in mountain valleys, 
and gives a theoretical explanation of the peculiarities thna disclosed. 

The following is a statement of the more characteristic features of thd diurnal oscilla- 
tion on mountain peaks and in mountain valleys s— 

peaks.-- 1 The Moving be summaiy nf the more characteristic 
features of the diurnal oscillation of the barometer on mountain peaks 
or ridges — 

(a) The morning minimum occurs at about the normal time, the amount or ampli- 
tude of the depression increasing with elevation , 

(*} Ttw rooming maximum ia delayed ot Warded by amoantB depending on the 
altitude. At high stations (above 10,000 feet) its epoch 15 about 3 p.kj. 
or 4 P.M. 

(0 The afternoon minimnm is slightly retarded at mountain stations (aa, ontf to 
two hears on the Sonnblick). 

(d) The evening maximum occurs it about the normal rime (10 P.M.) and is more 
pronounced than the morning maximum, the excess of the fomer over the 
latter increasing with elevation. 

W On mnuntam peaks, m consequence of the pecuisrities stated above, the diurnal 
pressure curve tends to approach m form to the diurnal temperature curve, 
the similarity in iorm increasing with elevation. The corresponding abso- 
lute maximum airi minimum epochs occur later in the pressure than in the 
temperature curves. The absolute minimum corresponds with the mini- 
mum temperature and the secondary maximum with the maximum oi tem- 
perature in the diurail variation of that element. 
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RECORDED AT ig STATIONS IN INDIA 


3 a S 

(/) The difference in amount between the evening maximum and the earl; morning 
minimum (or the amphtune of the night oscillation) increases with eleva- 
tion This n, on the « hole, the most characteristic feature of the dmmat 
pressure oscillation on mountain peaks 

(g) ir, differs little on mountain peaks on the Alps and averages 1)5°, corre- 
sponding to the epoch ol the maximum phase at 6 ao p M. It is hence almost 
eaaclly opposite in phase to the corresponding component of the oscillation 
at the plains station 

(A) s, increases in amount from sinter (140°) to summer (iSS*) ao that at the 
Alpine mountain crest stations the epoch oi the maximum is abouta hours 
after the mean in winter and one hnur before it in summer This difference 
of epoch mlh the season itcretsa in amount mth elevation 

(f) The amplitude ol (he 34 hourly component increaaes in relative importance 
mth delation, and also from winter to summer. 

{]) The epoch of the maximum phase of the ra-hoitrly component is delayed 
mth increasing deration The rate ol retardation mth deration is Email 
in the tropics and increases tilth latitude. The retardation on the Alps is 
on [he mean of the year 44 minutes and increases from 24 minutes in nmter 
to 64 minutes in summer 

(A) U| shins no regular Ian ol decrease mth dotation 
II.— hmuRtam va/lejrt— The Mowing is a luminary of the chief features of the 
diurnal oscillation of pressure in deep mountain \allcj s 

(1) The tail) morning minimum occurs at the nornel hour 4 ah, but is 1 cry 

Itehly marked 

(2) The morning maximum is betnecn 7 A at and 8 A M , and hence from tao or 

three hours earlier than in open ter el plains 

(3) The altLrroon minimum is slightly delayed, occurring betnecn 4pm and ^ PH. 

and is ui) marked This is the most characteristic feature of the diurnal 
oscillation in mountain valleys 

(4) The tuning maximum 11 dehjed until about midnight 

<5) The interval between the morning and evening maximum averages 17 hours 

(6) The phase for stations in mountain valleys in the Alps averages 37°, corre- 
sponding to tin epoch of 3 30 A M for thi maximum phase. Hence the 
34 hourly component is almost opposite in phase in mountain valleys and 
mountain crests 

The following Important remarks relating to the second component are taken from 
Dr Hands paper entitled " Further contributions to the foundation of a theory of the 
daily baromtinc oscillation " nhich appeared in the ileUtnlfpuic Zeiltchrtfl, October 
tffpii, and a translation ol winch is given in the Quarterly Journal of the Royal Meteoro- 
logical Snotty, Vol XXV No 109, lor January 1895 — 

"Thu observed daily variations of wind sad ol lempertlorc do not eland in u dose a relation to 
the diereal barometric oscillation as lias bilhorta brta assumed 

' As the periodical action ol the no’s rays on tbc upper strata ol the ilmospl ere, recurring day 
by day, men produce periodical moaemcnuol great regularity fee oscillation ol the entire maiiol 
the atmosphere), it is easy to nee that this can explain the ty pieal character el the diurnel barometric 
oscillation, while the local dilfcroaci! ol the earth s surlaee represent (be modifying clement ’ 
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|b.B BBBBBB BBBBBB BBBB I BBBB 

E ^HBB BBBBBB BBBBBBB.BBB BBBB 

■■■aiBBBBBBlBBBBBBBBBBB | 
|RBBBiiBBaBBBr«*.?RBBBaaBa 
laaaBIIBaBBBrBBBBk'BBBBBIH 
■ ■BaiaaBBBBPJBBBII.'BBBBld 

niBiaBaaiBBiiaiiiiiiaiaiH 

nBBBBBBBBBr.BB BBBfl llMlnj 

UiBBflBBaaaiaanviaaa^iBil 

I IBBBIBBaVBBB^lilBBBLIli 
t, BBBBBB BBNBBBBB BBBBBB BWbH 
UlBBBBBBBBaflBBflflBMMWM|d 
■ tail BIBB TyB BBBBBBI 
lBBI?nR«BBBBBBI^^H 
|BBBa k . = IBBBIBBBBIBBIBBBIfl| 

■laBaBNBaaBiaaaaBaiBBBBifl 

|iBiaaaaBiiLiaaB~7BiiiBiiM 

llBIBIIBIBBaa^BBIk'IBiaHIM 
I BBBBI BBBBBB BBBBBB kl BBBBI B| 
R IBBBIBBBBBf>BBBBBBIlBlll3 

EBBBiiaaaNMaaaaaiflkiiaiB 

HBBBBBBBflBriflBnBHBBBBk«Bl3 

H a aa aa a a im a a UAZi:aa ibb a 1 3 
kaaaaaaiariaiiiaaaaaaBBBfa 
U bbbbbb a bjbbbbbbbbbbcbiSm 

iR^BBIBBMaiBIBBaBBIB^jia 
liiB^iarflaaiBiaBiiRiriiia 
| BBBBBB BBBBBB BBBBBB BUBBB M 
|BBBBBBBKBBBBBBBBB|B«BBia 
iBBABiiuaiiiirdahiBiiaaii 

■ BBBBBB aim/. BBBI kB'illBIB] 

■ BBBBBB IB Ban BBBB li> IBBBIBJ 

RaaaaaBiiBaaiaaBiavaaaaiil 

rjlBaBBBBaiMBBBBBr flk'BBIIM 

iHBBBBBBBIlIBBna-r.MHMi 

H bi aa ia aa raa a AcAWi iiH!l9H| 
kaaaaiiiBiBaaaaiaiiiiii5ii| 
liBBBBIBBrBaaiBBBBB.lBBBIk'a! 
Iz^aaiaB'iBBBBBBaaillBBBBIU 
■■■h^iaraiaiiBBaBiLiaiBia 

■BaiaiHiiaaiianBia iaaai3 

■ BBiaBB BBBBBBBaaBBB IBBBBB 

laaiaiaaiBBaardiaiBk-viaia 
■aaBBiaaaBBB^aaaaiiBi aaaal 
Bbbbbbbbbbb^bbbbbbviibbbbbI 
Caaaaiaaairf IIIIBI1 iiaaiil 
^BBBBBBBBariBtiBBBBBUBBBBBl 


a a a aaa a u bb b 

BaBaBaBVjaailBIBBBIB.IBB 

HiaiaflBirjiiaaaaaaaiiiii^ 

1 SIB BBB ■!■■■ B ■ B. ■■■ ■ ■ Bl BB 

liihSUiiuiHiiiaiiiiiia 
InaaidiaaBaiBBiBBiiiBiaa 
I BBaBBBBBBBBBBaBBBB BBBBBB 

laiaaiiiaiaairdkiiiiBaBaB 

I BBBBBBBBBBBPiBBBBIBIBBBBB 
I BBBBBBBBBBaiBBBBk'B BBBBBB 
rBBBia«BBBBlBBBBBB^IBBBBB 
|BBaaBaaaflr<BiiiiiiaiBiiaB| 

I BBBBBB BBBBBB BBJIBBB IBBBBB 
■ BaflBBBBBriBBBnTTIBIBaBBB 
■laiRiaiBiaaiutBHjaiaa^Ba 

■ IBB III r. BBBB I BBBB. IBBB. 1^*1 
IbbSBBBB'IBBBB ■!■■■! BBBBBB 

laaaii2"UflaaBaaaaaaa ■■■■■■ 
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DIURNAL VARIATION OF TEMPERATURE IN 


t July luulufaaujtt • 


Oe&a&rr b D to enib+r'. 


■■Mini ■«■■■■■■■■■■■■■■■■! 


I ■■■■■■■■■■■■■■■■■■ ■■■■■■■ 


lllllflllBIIBIBIIIBIIIIIlB 

iBMIlllllBIMfllBllflfllBIBIlB 

luninnmiiummiil 


jlHIIIIIPillil 

■■■■i ■!■■■■■ ■ ■■■■■■ ■iiiial 

l!!!! llilB11B ■*■■■■ ■■■■■■I 

Iiibiii iiiiii lamainml 
I nai ■ i ■■ i an ■ ■ ii ■■ ii i ii i ■ 
Iiiiii ■ ■■■ ■■■ ■■■■■■ ■ ■■■■■■ 
B bbmih ibbiibibbbbbihbbbB 

Q'Trrr«iia | iiiiiiiaiiiiial 

AdUlMifiiiiRir-riiikaiiiiiil 

^IHIIlUir.llliiinrillilffl 

■HHlii^iiiHHiiiHBj 

'UCIKBI.! 

^^^■■■■■■■■■TTTTWTTTTTn 

■ ■■laiiiimi ■■■■■■■■■■■■■ 

iMa^Hiiiiimiiiiin ■■ i B 
■■■■■■■ ■■■in ■ ■■■ ■■■■■■ ■■ ■ 
lini i ■ mill ■ ■■■■■■ i iuii I 

■ ■■■■■■UIIIIIIIIIBIIIIIll 

A MiAuli w 5 « ■ ■ * ? ■ ■ ■ ■ ■ ■ ■ ■ 

^IIIIHUI^IIinilk-<lllHl 

iWiiriin rw n iii>:^»«y 

E H*£;^;miiixxj!iiiiiiiiiI 
■■■■mi iiii mu an mil 
paiiiininiiiiiiaiiiiiil 
liiiiiiiiiiiiiiMiiiiiiiil 

B■■■ll■ll■l■■■■■■I■■■■■■■fl 
■■■■■■■■■■■■■■■■■■■■■■■■Ml 
■■■■■■■■■a ■ ■■■■■■■■■■■ ■ ■■■ 
I miim iiiimuBiiiiiil 
B^HpUllllllllllllllll 
SMWaiBiiriaiMZ^Baiiuil 
fllaaaaa liana u ■ ■■ t tiiui P 
M-«iiiimiiinvpi»ik=s!;| 
Hiawr^riHiiiIi^LiaBiiiiiil 

■ II ■■■■■■■■■■■■■■I Bill III I 

BmnaiaaamBBaaaaaaaBal 

B n miiBBiii ■■■■■■■■■■■ i B 
Biiiiiiibbbi ■ ■■■■■■■■■■■■ B 
|lMIIIWlBIIIIIMIIHII(l 


l E aaas 



BlIlllllll^llWIB^IlUia 

9i>:::!SMimiiiiiBiiiB»l 

|■■ll■■■B■■■■■■■■■■■■■■l■B 



llllIIIIIIIIIIIIIIBIIIIIll 

B*b ■■■■■■■■■■■■■■■■■■■■■■ B 

| ■■■■ a ■■■aaniai ■■■■■■■■■ B 

BlIlllliaBlllllliaaillBiaB 

| im»H aammiBiimiB 

|HMBaHar,£iiiiiai|l 

■■ a a ^ ■ a bM ^ ■■■■■■ ■ 
^■■liiiiaaarani iiBi^aaaa^ 
■■■■■■■■MaBiiii^iil 

.3 b ■ ■ ■ a ■ a B 
|iaai>:;^BBBiiikaBBBiiiaiaB 

| ■■■■■ ■■■■■■■ ■■■■■■ ■■■■■■I 
|aaaaiiuiiiiiiiBiBiiiiia| 
| ■■■■■ ■ ■■■■■■■■■■■■ aiaiial 
|■■■■■■■■■a■l■■■■a■■lll■l| 

B ■■■■■■ ■»■■■■■■■■■ ■■■■■■! 



W^->-*iUUA?a a a : * ■ » a ■ ■ i a a ■ | B 

Miiiiliii^tiuiiiaiiin* 

||a«l|IIKaaiin|B*BBIk==-?^ 

|iin>.miiikTfflii miii| 

■ ■■■■■■■■■■■■BaBaBiHHHI 

■ a ■ a ■ ■ ■■■ a ■ ■ ■■ bbbb i laiiafl 

II III I ■■■■■■■■!■■*■ ■■■■■«■ 
|aiaaiiiaiiiiiiBBBiniin| 
■ ■■■Bl | H | l || lllllllllllll 
■a a ■■ ■ ma !■■■■■■■ 1 1 ii n| 

■■■■ifluniiiaaBBaiiiiiil 

■■■■■mnaRBiiiiHiiniil 

■■biihihiiihiiiiiihhI 

laMiiiiiiiiiiliiiniiiiil 

|»»MUIM|glM|Mlllli| 


■ IIIIII llllll'ZI II ■■■■■■■ 

ainiiiiiiiriiiinaiiiiil 
iiiiii iiiBruBBiLiBiBBiil 
Iiiiii in iiii in ni ■■■■ ill 
IgiBBiiBiiraBiBaiiiBiBBial 

-iiiiiiiiHHHHBHHMHI 

rlimimminviiiii'iiiill 

r, liliiiiiiiiaaiiiiim>iafl 
J iiiiii if ■■■■■■ ai ■■ laaa.ial 

|zaiiiiiiiiiikiiiiiiiiiii| 
Blli?IIIIIIIIIIIIIIIIIIIIlB 
liiik^i'iiiiiiia-iiiniiiil 
aa *-■ ■ aa ■■ urn * kin ■■■■■| 
|■■a■■l■l■■r^■■■av■■ ■■■■■■ 
>iiiiiiaii4iaiua»aun| 
•jiilBiiiiirjiiraf*iB«iiBVi| 
rlnaanaar iiiArXkBiiiiBii”l 
Haaaiiiii'iiiiiiiiiiii^iiiLfl 
riiimii III ■ a ■■■■■■■■ 

J IIIIII ■'/■III I III II I II II M 
|iii:*iiriiiiiiiiiiiiiiiiH 
1 1 III k.1 4 II III I II I II ■■■■III 

Baaiiiiiaaaiaaiaaaaiiiinl 
iBiiBiiiaiiiiaz.raBBBiBiBB 
liiiiaa ■■■■■^■■iiL'<aaiailil 
PllliiaiiiP4iiitii^aiaaaal 
iAaniiiimiiamafc'aaaiial 
L4 ■■ a aa a iar<aaa ■■■■■■ :'■■■■■■] 
Miiiiiiiiiaiir^iii^BiiiUJ 
Miniiiirjiin-£ZJiiaih:m| 
4iinaiaiiaaaaik?| 

BiiniaiiiiiiaiiiiliiiHlI 
| in iiiiii ■ ii anna ■■■■■■■ 
BbbbbbbbbiihbiibibbbbbibI 
fliiaaiiiiiiiiiiiaiiiiiiiil 
| aiaai ■■■■■■■ ami a ■■■■■■ | 
| in n a ■ in ai m ■ ki i ■■ ■■ ■■■ 
niiiiiiiniiMiiiiaiiiiiil 
[liiiiiiiiiir.iaiiiimiiii| 
Bmiiiiiiriii imiijiiiil 
H a ■ a a ■ ■ a a ■ ■ 

jiiiiiiiPiiirJHBHH 
|| iib^iiriiiiia a mi ■■■■■■! 

Baaiaaiaainaaaiiiaaaiaaal 
|n ■■■■ ■■■■■■■■■■■■ a ■■■■■! 

|ailllllaialllBimillBll| 

BaiaBiiiaiaaaaaBaaaaaaaaaB 
Hiumiiiiriiuiiii£uiin 

bbbk:::;::^:!bssb 

07«aiaaia r iaiiaanaiiiiiiiB 

iaih^iiar.iBiiaaiiiaainiiB 

Biiaii^^iiiiiiaiiiiniiiiB 

BiiiBBiiBiiiiiBiiiiaiBaiiB 

B ■■■■■■ ■ ■ ■■■■■■■■ ia ■■ iaiB| 
| ■■■■■■■ ■IIIIII II. TUI || ||| 

^■■■■■■■■■■'jiaaianMBiaiil 

Haiiinaair.aiaiiiiia^iaiin 

Hmmiiriiirwuii^iiy 

fjai ■■■■■■ 4iaaiA-3^ 3 aaaiikiB 
Bs?iaaiiMililllliliinii| 
Baa a:? 1 1 ill ■■■!■ I mi III 

I BB BBBB I II I IB IIIIII Bill II I 
■bbbbbi I II I II ■■■■■■■■■■■■■ 

BaiBiaaiiiniiBiBiliBiBilfl 
■■■■■■■■■■■iBr^i^ii laiaiil 
rjaiBBiiBiBia^iBiBikiiiiaiil 

I 

MBIBBIIBlBilBBBIlBIOIBIiaQ 

tj ■■■■■■■■ '>■■■ rTanaa^ aBiiJI 

^■aiBllir llliX—. jniihZ-i 

lailiai"i»iiiiiiBiiiliiiiiiB 
flaaiaa ■■■■■■■■■■■■■ a aianB 

■ ■■■■a a ■■■■!■■■■ a ■■■■■■■■! 

BaiiiiiiaiiiiiiaiaaiiimB 

■ ■BlBBIIIIllllllllllllinfl 

IbbihiiiiiibiiiiiiiiiiiiI 

■bbbbbibiubbiiibiibibiiiB 
Baai ■■■■■■■ ■■■■■■■■■■■■■■■ 

BbbibbibibibbiiiiiibbbiibB 

I 

■bbibbibibbbbiiiibibbbbiiB 

BmbbbbbbbbibiiiibbbbbbibB 


BiiibibibbbibbbhiiiibbiiI 

BlBBIBBIBBIIBIlIkVIlllllll 

iBBiBailBBIBKiBIBUBlIBBlI 

|BflBBBBBBBBraBBBBBkBIBBIl| 

^■■■■■■■■■raa ■■■■■■■!■■■ ■ I 
HBaaiiaiflaiBBrsiBBiiifliil 
<]iaaaMBBriBaBA : Siiimii| 
^■■■■■■BBiBIBBIBIIIlIBBIll 

Jaaaaaaaaaaaaaaaai ■■■■■»-' B 
B^aaaBiiMBiiianiiiiaaaaB 
fllk^BRBFIBBIBBIBIIIIIBIBlI 
BlBBk!BB4BBBIBBBBIII IBBlIll 

B ■■■■■■■■■ ■■■■■■■■■ a aaaaaB 

B ■■■■■■■■■■■ ■ ^«b^i i ■■■■■■B 


jlBI 


■■■■: 


BlllinaaaH 

BBBBiiiBiFiiannr: ■ ■ i ■ k a ib| 

HaaaaBaiaiaaa.A-iJaaaiaa.-'al 

■■■■■■■■■■■■■■*. B 
Bik^aairaaaaaaaina ■■■■■■ B 
1 bbb»£-bbbbbbbbibibbbbbiiB 
!■■■■■■■■■■■■ mil I llllllB 
|aaaa«aaaaaaiiaiiiiiiiiiiB 
!■■■■■■■■■ ■■■ a ~' , miBaniB 
Biiibbbiibbb^ibbi^iiibbiiB 
iBBBieaaaaa^iaiiiiv'.iiaaaiB 

-laaaauaaariBaaaiBBBnaanl 

ll ■■■■■■■■! ■■■■■■■■ n«a ■■■ B 
•jlBBlBBIB JBBir'BV'lllk'mi B 
OBBBBBBi’iBBaB Jk^L.aiaia^«iB 
J_'<aaaarBBBBBflBB1IBIBBBI>B 

|iah.:zz JiBaaBiBiaaiamnl 
BiibbbbibbbbbbbibbbbbbiiiB 

B BaiaBBIBB BBBB Bl IBB Bill! lB 

BaaiaiaiiaaaaaiaaaaiiainB 
BaaBaaa ■■■■■■■■■■■■ a ■ ■■■ ■ B 

■ ■■BaaBiaaaaai’:. -maBfliiB 
niBBBBBIBBBBP'IBIBk^lBIBIlfl 
niBIBBIBIBBr.IBBIIBIwBBBIlfl 

NaaaaaaaaaraaiaiBiaakaanB 



^■■■■■■ajaai jLZlibiibbi;?B 

Bak^«BP r 4BMBBBiaiBIIBBIlB 

BlBBBe"IBBBB*aB"llliail«>| 

BlBaBaiimalBIlailllBinl 

BBaaaaaBiaaaiBBBBBiit.iiki| 
BAjaaaaiaaaaaBBiaBBiBBUiB 

^KiaaBaaaaaBrraaBBififlHl 

RuiiiimNHujkymMl 

R a ■■■ 5 S aaraaa 252 a a r/a ■■ * ! I 

Mk^BBBBBriBBBBBBIBI BBBBIlfl 
BBBk7«p;4BBBBflBiiBrjaaaaBifl 

I BIB IB||BBIIl| 

|BaflBBBIIBBBBflflllB IlIBBIlB 

Biaaaaaaaaaaaaam iBiaanB 
B ■■ aaaa ■■■■■■ ■■■■auaa a aaiB 
BiaaaiiniaaaiBBiBBiBBBBiB 

I 

^■■■■■■■■■■naiiBaaciinial 
14 ■■■■■■■■■■■■ U I BBB I kMBB I B 

BBBBBBBBBBBB" H*? 1 bi m Cl * 1 1 

* ^i a i Biiaic B 
lBk?«HP4amaaaaaam'iiiB 

■ •BBBBalBBBBBBIIIII linilB 

IbbbbbbbbbbbibiibbbbibiiiI 
BmaaaiiiaaiiBiiaiamii| 
BbibbbbbbibbbbbibbbbibbiiB 
Bbibbbbbbbbhn ■■■■■■■■■■■■ B 
BaiBBiBBiaaaiP~--ai ■■■■■> | 
naaaaaiiiBBaniBiimKBiiiB 
Haaaaaaaaaa^aaaiamianiB 
RamliiHiHBiuik^iiiiB 

ba 5 ££SSSSaSS B SB 5 ■' 1 ■ ■ SS£| 

Lfliiiiiiiii 


|BBBBlBBBBiaa ■■■■■■ ■■■■■■■ 

Bbbbbi ■ ■■■■■■ bbbbbi ■■■■ ii B 

| BBBBIIBBBIBB ■■■■■■■■■■■■ | 

IbbbbiibbbiibiibbbbbibiiiB 

IbbbbibbbbbbibbiibbbibiiiI 

IbbbbIBBbbibbbiibbbbibiiiB 

|bbbbiibbbibbbbbbbbbibiii| 

iBflflBMBflfllBIBRBBBBBlBaa>B 

laammiiaiBBaBBBBBBinB 
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Plata XXI. 


DIURNAL VARIATION OF TBNPRflATURElN 


•Jiffy and August, 

0 c/o B . r to Deeomfor • 

K-r. 


I liiiiiikinuiamiiimi 

Mllil 

pimiiirinfw^uiM 

’TminiMiRiiJaiiia.IIV 

■■■■■■■■» 

(■■■bibbbbbibbibibbbbibib 

■iiiailliBiiiliBiBBiiiBaB 

IlllllfllllllllllUUIIII 

■lIBIIIBIBRBIIIIIflBBBIIII 

I an 

Ihiiiiiiiiiiiiiiiiihih 

I mniji BBiwinwMHi 

■ in ii ■■■■mnuimim 
■ ■■mililUMIMIlllllH 
lllIIIIIIIIIUIIUlllllll 

■iiiRiaiaiiBBiiaiiiRaiiBi 

lama ■■■■■■■ ■■ ■ ■■■•■■■■! 
|iRiii| l iilBiaiMaiR l ii ll 

lifiUmrmunaiHin 

■ iimmaimiuinul 

■ > ■ ■ ■ ■ ■ 3 uvS. * ■ ■ ■ ■ i ■ ■ 

:::::::::::::::::::: 

I”5K »■■■■ ■■■■■■■■■■■■■■■ 

1 ’TTTT," ■■ i ^ ■ 

~ iU«f * * ■ « ■ ■ ■ ■ ■ 

4uMiiiiSauS!iui l iu l i 

!■■■■■■ ■■■■■■■in a a ■■■■■■ 

■■■■■■■■■aaaaiiaiaaaaaiaa 

■■■■■■aiaaBaaaniRaaaaiia 

liBiimimiiamkiimi 

■■BBflBBBBUBBBiaaaaflflaaia 

liimimaimutniiiMi 

liuiaiiiaiaiiBiitiiiiiii 

Bsaaga:;:;;:;;;:::::: 

|4uilllBBBB^|WkfekZ<aH 

riBRik£::;*flBBiiniiaaiBiaBB 

|iniiiiBBiHimiuniBi 

laaaaBiaa bbbbbb ibbibbibii 
■■■B aBiBBiaaiBiBiaaaBBBiB 
■flaiiaiaaiBiBiiiiaBiiiBiB 
■ BBIBIBBBIBBBBBRIBb BB B BIB 
B BBBBBI BJIBBWB l>B BBB IBBBi 

JUL— kJjJBBBB^BBBBBk,^BBB B ■ B 

^flflBBBIBaB^BBUBBBB^BBBBB 

■Bi^iikiiiaaiiiMBBiiii 

BBBBBiaiBIBBIliafellBiail 



■iiiiiaiiiiiniikiBHiii 

■BBBBaBBBBBBBaaaBBBBaaaa 

flBBBBIBIBBBBBUBaiBBIBIB 

■miiiiiimdiUiiuii 

■■■■■■■■■■■BBBIBRiBBIBBI 

■■■■■■aaBBBBBIlINBBRIBM 

* “■■■BBBBBBaiia B ■ BB BIB 
■■** ,,, B*« , Bt ,, BBa , «BBBBB 
■ limillUBiHUnaBIBII 
■■BBBBBBBBBBBlBiaBBBBBBI 


|bbbbbbbbb bb a bb bb bbbbbbbb ■ 

IbbibbbbbbbibmbibbbbbbibbI 

liiiiiiiiiiiiaiiiiimiril 

■ riiriibrbbiibbiibbrbibibI 

1 111111 aiBBIIBIIIIUBBIIll 
laiiaBBIBBBIB«R:aBflBBflfllB| 
I a ■ ■ a a b bb a a r a a a ■ hi ■ a bb bibI 
Riii«iiiBB»aiMii»iimal 
nBfllflBBflBB^BBMBBBBBlBBBBBl 
MBBlBBflBBrHBBranBBB^BBBan 


KiikiBiirMummiBial 

IbBIB.:-.1IBIBBB1IBIIHIBIBI 

IbiibiibiibbbbbibbbrbibibP 

■ iBBIIB BBBBBBBB BIBB BIBMaa 
l■■l■■■l■BflllBII■■BBflfl■H 
BbbibbbbibbibbbibbbbbbbibB 

BiBIIMI IBBIBBf IBIBBIIIIbH 

! ||BlBBflMBBlB^a^aaBBBBBBB| 
■■BBiiiiiBraBaik^iBBiaiB| 
FflfllBBflllBrBflBMail^BBBBIBa 
HllllllBIIilBBIIIIIi:'IIIB a | 
ft BBBBBBBB >BBirWBBBI.?llJ 
KaiBBBBBrflBBBl*£i4lBBBIBacl 
U lfc - BBB B'iBBBBBBBBBB BB B 1 1 ■ I 
iBiiBw^iiiiiianiiiiimil 
■ iBIBBIlIBIBBBBBIBBBBItiM 
| BIBB BB ■ IB BBflBBBBIB B 
IflBlBBBIIBIBBMBBBIBBBIBIIfl 
|lBlBflflllflBflflBBiBBBBBBaaa| 

■iBIBaiBBBBBP^BBwBBBBIBIld 

RlIIIBI|Bll r .BBI»i'IIBIfl|M 
r^BlIBBBBBIMIBBBIB. 1 IIIBIBH 
HBBIBBBBBraiBaaBBBflnBBBiaPI 

PRHKrkBifluujiiifli^al 
BibOBB K B B BBB ■ B BABB ■ B I B ■■ | 
1 BBIBBB BBI ■■■BBBBBBBB IRIbB 
BbkbbbbbbbbbbbbbbbbbbbibH 
I BBBBBB ■■■■■■■■■■■■■■■■■■ I 
■ II IBB BIBB ■■■■■■■IB ■!■■■■■ 

Ifiimiffifrrrrifiiiiiifl 

■ BBalaBBBBIBlB» = !kBBBBBBBafl 



□ BBIBBBBBBIF^IBIBB^flMBBiB 
iBBBBBlIBBrBIBIBBBB^BBBIB^ 


■■■■iiiBiiriiiiiiJiiiiii 

■ ■■■■■■■Il'ilBBIIIBVIIBIB 
BBBBBB IBB TIB BIBB BlklflBBBB 
BBBBBB BBB'JBBBBBBBIBBBflBB 
■BRBBBRRBBBarpfFBBI^BBIB 
BBBBBB ■■r.BllU'*UBBBB*BIBi 
BBBBBBBB'JB BBB BBBBBBBB JIB 
IBIBIIBI BIlIBBIBIBiailkB 
*■■■■■■ MBIIBIBBIIBBBB IB 

Ibhibbbbbhr'.-2b»;hrbbbbib 

■ b* bi >irb 
y BIBB BIBIBBIIBH BBBBBBBB IB 
QBRBBBRBBr.BlIBHBRBBHBBIB 
nBaaaaBBBjBIBraBriB.IBBBBB 
gnmmrm^fu.vifnl 
MBIIBBBB JlBlinillBIB^Mfl 

Illlll 

■J ■■■■■■ BB I JBBBIBIBIl'BlBllI 
|4uBBRBBar<BBlBBBRBiBBBBIMH| 
>IBIIIBBiBlirPf «BIBk^BIB 

■BBPBiBBBBBByfc-XLl|MB,?BB 
■IBflBBiniBlIBBBBIBBBIBk^ 
Z^BBBI BBBBII Bl IBBI BBBBI B 

■ ■h^lB'iBIBiaBIBBBIBBBIII 
BBIB^ jBBBBIIBBBIBBBIBBIB 

liiiiiliiiiifiiiiiuisli 

E:!i£:s:£iiiis:si:E:isii 


■ ■■■■MB 

|bbbbbbbbbbrbbbbbbbbibbbb 

BUIfllBIBBfBBBIIX 
IbBBBBb BBBBBBBB BBB BBBBMIB 
I BBIBBlBBBlIBBBBRBBBBNaiB 
lBHBHl|lllll^:mHIIIII 
I BBBBB I HBBBBr BB B at BBBIIBH 
NuniiimniimuiMii 

■j BBBBBBBB BBB B BJ BJI ■ a BBBBBB 
4 BBBHaBBBBJBapWBRK'BBIHB 
BBBBliiBiBlli^liak’IMI 
- BBIBaiirflBIBBIBHBBBBhS-a 

iBBIa.' jaiBIBBBBIBBBIBIRI 

■bhbbbbibbbiibbiibbbbiibiI 

Ib BBBBBBBB BBBBB BBBBBBBB IB B 
laBBiiiinnaiBBiiBBiiinl 
■■bbbibrbbbbrbbbrbbbbbiriI 

IbBBRBi BBBBB BBB I BBBBB BIBB I 
iBABIIIIIIIII^rtlBBIIIIll 
nBBBRIlBllBliBBBBL'BflBIllll 
^BMBBlRIlflBiBRBIIflkBIBIBlI 
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ga6 DISCUSSION OP THE RESULTS OF THE HOURLY O0&RVATIONS 

* tf we eliminate the noo-penodlctl sgendu from the daily hawmetic curve, we can represent 
the latter aim tut completely by the superposition of two waves of pressure, of which one has a period 
of an entire day, the otherof only half a day. The whole day period comes oat much more decidedly 
oa dear than on cloudy days. It has a email amplitude over the ocean , bat a very great one ores 
heated bod ssrfae* and lo mountain valley*, io that it undoubtedly proves Itself, by its striking 
local peculiarities to be related to the dismal range of temperature. The semi-diurnal wave shown 
itself at all places with a regularity quite unknown among other meteorological phenomena: along 
each parallel of latitude ft comes mit with almost nndorm amplitude and phase epoch. The latter is 
(with reference to local time) almost quite constant ep Into high latitudes;, whereas the amplitudes 
steadily decrease with approach to the Pole Any relation between this pressure oscillation and, 
the diurnal range of temperature Is very obi care. 

"Now it is very remarkable that the double daily oscillation is the principal phenomenon. 1 ( 
exhibits the greatest amplitudes, and over equatorial oceans is almost the only one represented. 

4 It seems therefore certain that the solar drarnsl variation of the barometer is duo to temperas 
tore. Now the dlarnsl tenn In the harmonic analysis of the variation of temperature is aodoubtedly 
much larger in all places than the semi-diurnal It is then. very remarkable that the semi-diurnal 
term of the barometric effect of the variation of temperature should be Jai^ and so much less os It 
is, thin the diurnal. The explanation probably is to be found by considering the oscillations of the 
atmosphere, as a whole, In the light of the my formula which Laplato ga\e 10 bn Mfcttntqut 
. Ciinte for the ocean, and which be showed to be alio applicable to the atmosphere. 

"When thermal influence is substituted for gravitational In the tide generating force reckoned 
for, and when the modes of oscillation corresponding respectively to the dmraal and semi diuma] 
terms of the thermal Influence are Investigated, it will probably he found that the pence} of free 
oscillation of the form er agrees much less nearly with 24 hours than does that of the latter with 
in hours J and that therefore, with comparatively small magnitudes of the ^degenerating force, the 
resulting tide is greater in the sctnl-dlnraal term than is the diurnal. 

" The most important conclusion which we gather from the preceding remarks is, that over tbs 
tropics] oceans very small temperature oscillations accompany very great pressure oscillations The 
diurnal variation of temperature at sea 11 certainly considerably less than that which results from 
onr equations, because the obsenationi are strongly influenced by tbo heating of the ship's ball , It 
Is probable that the true semi-amplitude Id the open sea (1 not greater than o^jC. 

n Dt* ^ Uargulei baa undertaken the difficult sod laborious work, following oat Lord Kelvin's 
suggestion, of calculating, on the lines laid down by Laplace, the oscillations a the earth's abacs* 
phere as they might be due to hs periodical wanning. 

"The calculation n simplest for a shell of air at mot if friction be neglected, ■ The constant* 
oa dilation 1 or the tie m • xpfaencal shell at rest have been ealcolated fay Lord Rayleig h, 1 Or Mop- 
gules bos solved the problem (or a rotating shell of air subject to friebda, and by this has rendered 
It jwrible to apply the results to the explanation of the duly barometric oscillation. 

11 Dr. Alarguln shows, m the first of bis mpmoirs on the subject, that thd period of free oscillation 
m a rotating spherical shell of air (of the usaol temperature) is nearly 1 a boon. If we take for 
the spherical shell of air the actual rotation of 24 hours, it suffices to assume ■ mean [absolute] 
temperature ol the atmosphere of a SB 4 (*-5°C), in order that the oscillation thereby produced, 
and which have only half the duration ol the rotation, shall attain a ray great amplitude. 

" Accordingly, a very amill aeml-diuital temperature wave will suffice to produce a very great 
pressure wave The phases of both are accordant at temperatures under 268° ; in other eases they 
are opposed. If tbo calculatioo lends to values too mrante to hare any real Importance, ft certainly 
follows that much smaller temperature oscillations will suffice to produce semi diurnal pressure 
waves of the same magnitude as (he diurnal ones. ' , ’ 

" Uargulai, m bis third paper, investigates the Influence of friction on waves which are canoed 
by temperature oscillations or by periodical forces,' 
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RECORDED AT tj STATIONS IN INDIA. JJJ 

* It follows from bis ctlcnlaliogs Id list paper, that if we assume m an upper stratum of (be 
atmosphere a regular daily range of temperature to rust, which may be represented by a sum of 
westward-moving waves of periods of 94, ia . . . . hours' deration, the diurnal pressure wave at 
the gcouod-level cornea out small, but the semi-diurnal pressure wave exhibits as amplitude which ia 
very great in comparison with the corresponding temperature wave. If we knew the daily range of 
temperature in the npper strata, the equations proposed by Dr Margules would lead to a nearly 
complete solution of the problem of the daily barometric oscillation.” 

(3) Curtis.— Curtis has discussed (he diurnal variation of the barometer in the Bri- 
tish Isles is a paper read before the Royal Meteorological Society in November 1859, 
The data diacusaed were the mean values oi pressure for the four stations of Kew, Aber- 
deen, Falmouth and Valencia fer each month of the year obtained from hourly observa- 
tion] for a period of 95 years. 

The following are the more important conclusions which he obtains from the examin- 
ation of the data r— 

(1) "There does not appear to he any direct connection between the epochs of 
the critical phaaes of the pressure oscillation and those of temperature. 
Thus whilst the epoch of maximum temperature only varies about an hour 
throughout the year, the epochs of the first maximum and second minimum 
of pressure,— the two phases of that oscillation which might be supposed 
to be most directly ifiected by the maximum of temperature,— range over 
several hours. Similsrly, il though both the minimum of temperature and 
the morning mimmnm of pressure become earlier as the summer approaches, 
the change is not equal in the two elements, and it is not possible to 
directly connect them as cause and effect.” 

(9) “The changes which occur mthe amplitude of the temperature oscillation 
from month to month, although varying in amount, ere yet similar in 
character at each of the four English stations the observations of which are 
discussed, whilst the changes which ate observed in the pressure oscillation 
differ at the same places very materially," 

(3) “There appears to be no consisted and direct relation between the increase 

or decrease of vtpour tension or of hnmidlty of the air and the diurnal rise 
or fall of the barometer, fer hygrometncal changes which began whilst 
a given movement of the barometer was in progress are found to continue 
unchanged till long after that movement has become reversed ; and combi- 
nations which seem to hold good in certain cases are negatived in others. 
In short, both as regards their epoch and character it seems impossible to 
synchronise directly the changes in these different elements or to indicate 
precisely their relation to each other.” 

(4) " It appears to be almost certain that in the simple diurnal oscillation of tern* 

perdture lies the original source, the frimwt aeiile, of the more complex 
daily barometric movement and that its action is by no means always a 
direct one , that the final result may be brought about through the action of 
more than one secondary agent is qnite posable, but that the aqueous 
vapour of the atmosphere is one of them hardly admits of doubt.” 

(5) "The primary cause of the dinrual oscillation of the barometer is solar 
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DISCUSSION OP THE RESULTS OF THE HOURLY OBSERVATIONS 

radiation, operating both directly and indirectly and more particularly upon 
the lover strata of the atmosphere." 

“The amplitude of the oscillation is chiefly determined by the temperature 
and also hy the amount of the diurnal range of temperature of the lover 
strata of the atmosphere." 

"Aqueous vapour probably plays an important, if somewhat obseure, part in 
producing the diurnal barometric oscillation and also in bringing about 
the seasonal changes observed, hut in this connection the changes in die 
elasticity of the vapour have to be considered as subject to modification 
by changes iu the relative humidity of tbe air and by the effects or evapora- 
tion and condensation," 

" The relative magnitudes of tbe different phases of the barometric oscillation, 
as observed, depend largely upon the geographical position and physical 
surroundings of the plice of obaerrelion in so far as these are capable of 
modifying Us temperature conditions, and especially tbe relative distribution 
of temperature over the regions immediately surrounding it” 

Curtis adds the fallowing remark r— 

11 We have vetn that, whatever may he the ftimam m tilh of the phenomenon, tbe temperature 
conditions near the earth's asriace are all-powerful la its farther development These very probably 
act upon the barometer to some extent hy varying the teealoa of the air and of the aqueous vapour 
the air contains , bat lor a fall exphnataoa of the facta shows to exiit there would alio seem to be 
required some cyttem of atmospheric cornets, capable of alfectlag the mast of the atmosphere 
above tlw place of observation ; and it ia not difficult to understand how Bitch cnreenlv slioold remit 
from them same conditions of surface temperature." 

PreUminwry observations-— All meteorologiuts are agreed on the primaty 
fact that the diurnal oscHlation of the air pressure fa a periodic change related to, and 
determined by, certain actions connected with the apparent diurnal movement of the sun. 
The maiismot and minimum phases of this periodic change invariably occur at the same 
definite periods of the dsy and these phases are transmitted from east to west over the 
earth’s surface (mare especially Within the tropics where the change is most marked 
and regular iu its occurrence) with the velocity of tbe eun'e apparent diurnal movement 
relative to the earth. . 

Meteorologists are also agreed that this periodic change of movement is almost 
certainly doe to the daily heating of the atmosphere by the varying solar action. Buchan, 
for example, states that the barometric tides are undoubtedly generated by solar and 
terrestrial radiation in the regions in which they occur, and Curtis, that the primary 
cause of the diurnal oscillation of the barometer fa solar radiation operating both directly 
and indirectly and more particularly open the lows' strata of the atmosphere. 

The primary effect of the solar radiation is to heat any absorbing medium through 
which it pisses or any surface upon which it falls. The atmosphere is an. absorbing 
and radiating medium and fa bence heated during the day by thr absorption of solar 
radiation and cooled at right by ndfation and other processes. The range of tempera- 
ture of the lowest strata of the atmosphere varies very considerably in India and it 
decreases rapidly with elevation, and is probably almost evanescent at an elevation 
of 5,000 feet and upwards. In the dry season the diurnal range of temperature fa 
sometimes as much as qo* F. m the interior of Northern India. If there were absolutely 
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DIURNAL. VARIATION OF CLOUD ACCORDING TO TYPES 
FOR EACH OF THE FOUR SEASONS 
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no movement of any kind of the atmosphere, an increase of temperature of that amount 
at any point of the atmosphere in the lowest stratum at the sea-level would be accom- 
panied with or produce an increase of pressure of approximately inches («£., from 
30 inches to 32*5 inches) and a corresponding decrease of temperature during the 
evening and night hours wonld give rise to an equal decrease of pressure. This diurnal 
variation of temperature of 40* F would henc^ under the assumed conditions, cause 
a diurnal range or variation of pressure of sj| inches, the maximum and minimum phases 
agreeing with the corresponding phases of temperature. 

No such large increase or decrease of pressure occurs, and m fact during the greater 
part of the 34 hours the actual pressure changes are apposite in character to those 
which would occur with the given temperature changes or solar action if there were po 
moyement of the atmosphere. This inversion of the primary temperature effect is due 
solely to the air movement set up by the temperature changes. The study of the 
diurnal movement and changes of movement of the atmosphere is hence essental to 
progress in the study of the phenomena and causes of the diurnal oscillation. Cleveland 
Abbe justly remarks that any explanation of the diurnal variation of the barometer that is 
not deduced from hydrodynamic considerations is of questionable value. 

The atmosphere is generally assumed to be of constant mass. It possesses energy, 
potential and kinetic, the sum of which due to transfer by radiation and other processes 
is in a state of continuous slight variation. The potential energy per unit volume is 
proportional to the rate of pressure in that unit volume. In addition to the continuous 
variation of the total amount of the atmospheric energy there is also a continuous change 
of the energy from the potential to the kinetic stage and vice vtrsL The relations 
between these changes have been hitherto indirectly ascertained, chiefly by means of 
formulae or statements in which pressure is assumed as the independent element or 
variable and the velocity of the air movement as the variable element. The formulae 
give definite relations at any given instant, but as they omit the time vanable, they do not 
allow the concurrent changes in the variable with time to be worked out Hence 
explanations of pressure phenomena are in many cases as yet purely verbal and are not 
based on exact mathematical reasoning. 

It is shown in mathemetical treatises on hydrostatics that the pressure or rate of 
pressure at any point in the open atmosphere in contact with the earth assumed to be 
at rest is equal to the weight of the superincumbent atmosphere. 

Any change of pressure under these conditions would hence be due solely to increase 
or decrease of mass of air over the given point. 

Pressure at any point of the atmosphere assumed to be in mass equilibrium can also be 
expressed as a function of two variables, vis., temperature and density, by the formula— 
P=kp (1+ at). 

where k is a constant depending upon the mass of the atmosphere. 

Meteorologists apparently generally, assume that what is true for pressure in a fnc- 
tionless or non-viscous atmosphere in equilibrium is true (at least very approximately) in 
the case of our actual atmosphere, vis , that the rate of pressure of the atmosphere at 
the earth's surface is equal to the weight of the superincumbent atmosphere per unit of 
surface, and hence that the variations of air pressure at any point near the earth's surface 
are due to variations in the mass or weight of air per unit surface above that point (si da 
Haun's Meteorology, page 16a, and Davis’s Elementary Meteorology, pages 87, 92, etc.). 
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DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIOVS 


Cfaaugea of pressure in the atmosphere are, m the first place, a temperature effect, 
whether they be due to absorption of solar radiation, condensation of aqueous vapour, etc. 
Any change of pressure not common to the whole mass is followed by movoment of 
some hind the result of which tends towards the establishment of equilibrium It tu 
generally assumed that the pressure Ian in the atmosphere, in its actual state of mown, 
is the same ai if it were at rest or id equilibrium 

Assuming the principle refetred to above, it mil he seen that any general movement 
of expansion or contraction (onaccompanted b> horizontal movements) mil produce no 
change of pressure at the earth's surface (neglecting the very slight change of gravity at 
the varying distances of tbs centre of gravity of the mass in motion). It may, however, be 
noted that expansion^ or contractions] movement on the large scale never continues 
without h omental movements, in which case the pressure changes are aueb as occur in 
ordioaiy circulatory movements 

In this class of sir raoiement, ■ a circulatory motion, theta is upward motion or uptake 
over a more or less considerable area, a horizontal movement in the lower strata towards 
the area of uptake an outer movement from that area in the higher strata and a general 
and perhaps irregular downflow at some considerable distance from the seat or area of 
upflow The whole movement it undoubtedly more irregular than is indicated by this 
statement 


If the movement be such that the outflow above bom the area of uptake to that of down- 
ow he greater than the inflow in the lower strata to tho region of uptake it is clear that 
pressure mil dimmish at the earth a surface m the former area and increase in the latter 
15 ™ con,lll0 e so long as the actions giving nse to the movement as for example, 
increasing temperature or condensation of aqueous vapour, more than balance the lanous 
resistances to motion The general result of any actions giving rise to air movement of 
trn class, such as actually occur m nature, is to originate and accompany for ashorter or 
Ms?”'. P 1 " 111 ™ *wr one area and increase of pressure over other areas 

"'ll. * * * T enC c * ,4n 8 e! w * lcn fJ* actions decrease in amount or alter in character, 
ese tssaatoij pressure changes may be regularly periodic or may he irregular 
hoh 6tt r"* occunB,1 “ They are penodic in the case of the great seasonal vana- 
j 1,1 mm h, « h F«»ure m the cold weather to low pressure in the hot weather 
rams, met vend These changes undoubtedly accompany a large transfer of air 
from one hemisphere to the other 

Thestatamert or explanation also accounts more or less fully for the pressure 
aoges in areas of depression and of cyclonic storms, for the irregular changes of short 
1 * ® ve ^*J S ) constantly in operation in India in the dry as well as 
<m ik, at ^ aa * n ^ **" * w th 08 * accompanying the prevalence of land and sea breezes 
rcrc or , ar ® e ,c *k ®f mountain and adjacent plains winds In all these 
rf nni ™ eS3n , rt n ® es Eccoro P an y displaeoment of air masses and are very approximately, 
messDr cd at any place near the earth’s surface by the change in the 
fljiofthe supermeumbent air mass per unit surface 

It k pr “ sure changes which cannot be explained by this principle 

1 possible that in consequence of the action of viscosity pressure may increase 
a given mass of the atmosphere (without movement) for some time, although onac- 
compan by an increase of mass of the superincumbent atmosphere Such changes 
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bis apparently of occasional, if not of frequent, occurrence dunng tbe hot weather to 
Upper India, more especially immediately antecedent to the formation of duatstorms. 

Also the acceleration of ascending and descending corrects should theoretically giv* 
me to, or accompany, venations of pressure at the earth’s surface independently of 
charges of the mass of tbe inpermcumhent atmosphere above the surface 

As Cleveland Abba states in his " Preparatory studies for deductive methods in 
storm sod weather predictions, 11 the atmospheric pressure at the eurface of the earth 
can only be affected to an inappreciable extent by the inertia of very slowly ascending 
and descending currents, such as psually occur u the atmosphere, 

The following pressure changes of importance f probably of occasional to frequent 
occurrence in India) also cannot be explained by the general principle, sw , (let) these due 
to resisting masse>, as for example when a massive air current blows directly across a high 
mountain range, such as the West Ghats, dunng the not weather and rams and (and) 
those which accompany the formation and movement of long slender vertical whirls the 
lntensrty of which vanes from that of the ordinary dust devils in Upper India to that of the 
tornadoes, of occasional occurrence in Bengal and Assam dunng the hot weather and 
of more frequent occurrence in the United States, m which the vertical movement is an 
violent that the indraught cannot take place sufficiently rapidly, and then u hence a 
tendency to the establishment of a partial vacuum m the column of rapid uptake 

The regular diurnal changes of pressure accompany slow and regular air movements, 
and hence it may be assumed that very approximately they ate at any point of the earth’s 
surface due to corresponding periodic changes in the amount or ma*s of the superincum- 
bent atmosphere. 

If the view he correct that slow periodic changes of pressure m the open atmosphere 
at the parth's surface are due to air movement, it follows at ouce that the rate and character 
of the change will depend upon that of the vaiatron of the superincumbent air RiaBS There 
is no evidence that any of the changes accompanying the diurnal oscillation are similar 
to those giving me to sonnd (and hence transmitted at a uniform rate, depending upon 
elasticity and density of the mass affected). 

It appears (a he desirable to take up and discuss the problem of the diurnal oscilla- 
tion of pleasure from the "energy ” point of view 

As already stated, the energy of the atmosphere with which we have to deal is in 
part kinetic and in part potential The atmosphere as a radiating and absorbing medium 
absorbs the energy of solar radiation in part m its passage through it The pnmaiy effect 
of this is to increase the temperature and hence also the pressure of the absorbing mass 
This is, however, speedily followed by the partial or complete transfo-roatton of this 
increase of potential energy into kinetic energy The atmosphere also absorbs m part the 
energy of terrestrial radiation ui its passage outwards into space This absorption of 
solar and terrestrial radiation occurs throughout the whole mass or depth of the atmos- 
phere and may be described as '' mass absorption " On the other hand, the atmosphere 
as a radiating substance is continually giving out its energy in alight part to the earth 
but in chief part to apace Hence as already stated, there will be a continuous penodie 
variation in the energy of the atmosphere due to this action, and also a continuous 
redistribution between its potential and kinetic forma of energy 

The energy of the atmosphere is also m a state of continuous periodic variation due 
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DISCUSSION OS THE RESULTS OR THE HOURLY OBSERVATIONS 


to & second solar action. The earth’s surface is mow or less heated by the solar radia- 
tion daring the da; boors and to a considerably greater extent than the neighbouring air 
masses, which are in turn heated directly by conduction and convection, The energy 
thus obtained by the surface directly from the sun is hence redistributed, a large portion 
of it bring given up to the snperjeeeot air which is heated, and in virtue of the actions 
thus set up, convective movements convey nr cany the air with its increased energy 
upwards. These vertical convective movements hence distribute the eneTgy thus 
obtained over the whole lows atmosphere to which they extend. As this transfer of 
energy from the earth to the atmoiphere occurs at the earth’s surface it may perhaps 
he termed 11 surface absorption " of energy by the atmosphere in contra-distinction to the 
11 mass absorption ” described in the preceding page. 

In addition to the above, if we deal with a limited mass of air occupying a definite 
space, we hare also to take into account the transfer of energy between that space and 
space external to it This may be irregular or may be periodic. If irregular, it will not be 
necessary to take it into account in dealing with the periodical changes ol energy in the 
atmosphere of which one manifestation is the diurnal osculation of the barometer or varia- 
tion of pressure. 


For example the energy of the atmosphere may he modified by the addition of aqueous 
vapour as the result of evaporation or by the precipitation of tain as a' result of the conden- 
sation of aqueous vapour. Cleveland Abbe (wife " Preparatory studies for deductive 
methods in storm and weather predictions", page 35) says, “the actual weight of vapour 
daily added to or condensed from the air nan produce scarcely a change of "oi* m the 
barometer.” Although larger changes are possible and probably occnr in some ports of 
India due to this action, it is almost certain that this factor is in the present d iscuss i on, of 
small importance. The release of energy aceompenying rainfall 0 Hears so iiregularjy 
as to form no important or integral part of a periodic diurnal change. 

Hence we shall assume that the chief sources of variation of the atmospheric energy 
are those described above a» (lst) noil aJrarjKio* and reflation, and (and) mrfaee 
absorflitn and transftr. We shall now examine therns two causes of variation separately 
and compare the more important features of the diurnal variation of the atmospheric 
energy with coirenpondtng features in the first two components of the Besselian resolution 
of the diurnal air pressure variation. 


Absorption of Solar Radiation by the Aimuplutre^ Abaonrfon 
is the corrosion ol radiant energy or the energy oi solar radiation into ordinary molecular 
energy. The absorption of solar radiation by the air, aqueous vaponr, carbonic add 
ps, etc., and by the action of dust ha. been a subject ol elaborate investigation doting 


The solar radiation or radiant energy passes through space probably undbinished in 
total amount, and hence diminishes m intensity per unit surface through which it oasses 
as the mrarse square ol the distance until it reaches the earth's atmosphere. ifis in 
part absorbed by the atmosphere end in part by the ground surface ' sod the remainder 
is scattered or irregularly reflected at the ground surface or is abiorbed by vegetation 

. J h6 .V to " 01 du “ “ tik "I** »■. M ■ »» I am aware, first fully investigated 
by TyndaL He proved, experimentally, that small dust particles act is obstacles to 
waves uf small length and tad to breakthem up. Vf hen tbe sire of the particles is large 
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relatively to the light naves, the particles throw the wares back and scatter or break up the 
movement irregularly, When the particles ace, on the other hand, small relatively to the 
amplitude of the light waves, the latter as it were pass round them with little loss of 
energy. Hence Tyndal came to the general conclusion that, as the magnitude of the dust 
panicles in the upper and middle atmosphere diminishes with elevation, the sh orter waves 
are more largely acted upon or broken up than the larger waves in the upper strata. In 
other words, a species of selective absorption or scattering occurs, mo's largely in the 
bine than the yellow and in the yellow than the red. It ie partly in consequence of this action 
that shortly before and after sunset the sunlight passes through white, yellow, orange and red. 

Lord Rayleigh and Abney have contributed important investigations dealing with 
this subject of which brief summaries are given in Hann's Meteorology. 

The subject of the absorption of light and heat by gases, and more especially by 
aqueous vapour, was dealt with at great length by Tyndal, but bis conclusions have not 
been accepted by later investigators. A brief account of these researches will bo found in 
Ferret's " Recent Advances in Meteorology, 11 pages 56 to 59, or in Hann's Meteorology. 

The most important investigations in this most interesting subject are those which have 
betn carried out by Langley during the pact 10 or 15 years and are given in No. 1 j of 
the Professional Papers of the Signal Sendee entitled " Researches on solar heat and 
its absorption by the earth’s atmosphere 11 and in " Annals of the Astraphysical Observatory 
of the Smithsonian Institution, Voi. I The following states the more important con- 
clusions of these researches •* — 

Langley's researches indicate that the solar constant (tie , the energy per Gquare 
centimeter of surface per minuis exposed normally to the sun before absorption by the 
atmosphere at the earth's mean distance) is three calories (e calorie being the amount of 
heat required to raise 1 gramme of water l’C.), 

He also estimates that in ordinary line weather about 33 per cent., or one-third of 
this energy, is absorbed in its paspsge through tbe atmosphere. 

Langley also establishes thjit Brcguet's hypothesis (that absorption is proportional 
to the density of the mass of ttys air in which it takes place) is not followed in the case of 
atmospheric absorption of the radiant energy as a whole and that the absorption is select- 
ive in character in tiro respects.! 

The most important result of his investigations and researches is the very great 
extension of the heat or ult rayed portion of the spectrum. Before his investigations 
observed spectrum extended 4 >wn to about A = ro ji (or thousandths of a millimetre) 
He has mapped completely the solar spectrum down to X = 5*3 jt (or thousandths of a 
millimetre) with ittMlark lines and bands and obtained what may bo termed a very 
extended heat envrgy spectrum of the solar radiation.' 

He also states that tj/e air or atmosphere is remarkably diathermanmisto the dark 
heat or ultra-red lay; of t yt sun. The supposition hitherto maintained that the ultra-red 
radiation was more-absorbed by our atmosphere than the bright radiation is hence erro- 
neous. The general result of his investigations is that each wave length is, broadly 
speaking, more transmissible, the further and further it is in the ultra-red radiation, and 
hence as an important result tbe "dark " heat escapes or passes through the atmosphere 
more easily than the M bright or luminous " heat. 

Langley hence enunciates as a general principle that the longer the wave length, 
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3W discossiom of the results of the hourly observations 

HugruHrisUHrantauiiUhly down to theobecnred lowest limit of the wlsr sp«ttu». 
and that beyond this the tranamisiibiliiy, so far as bis experiments indicate, suddenly 


"“Langley also states that his measurements indicate that the heat energy in the light 
tenons of the solar spectrum is large in amount even when compared with that of the dark 
best spectrum, and that it is very largely absorbed in its transmission through the 

AtlDMphCTS, 

The observations on Mount Whitney prove the remarkable changing turbidity cf 
the atmosphere, i.f, the total absorption power vanes largely from instant to instant. 

The (amperature of the earth'a surface is in his opinion not determined primarily by 
the direct eolar radiation The diurnal variation of its temperature h undoubtedly a direct 
solar effect, but the moan temperature ol the earth's surface is determined by the 
temperature of the atmosphere which is much higbar than it would be if it were 
perfectly diatbermanoua in consequence of its large absorption of the ultra-red portion 
of the solar radiation. 


A most important statement made by Langley in the first of his memoir* quoted 
above is that the wave lengths of dark heat radiated from the earth are as yet unknown. 
No such wave lengths as those belonging to the heat radiated from the soil have in his 
opinion ever entered our atmosphere from the sun. Hence the results of his experiments 
and investigations do not necessarily invalidate the conclusions oh Tyndal and Others 
that the atmosphere is almost impermeable to dark heat ot terrestrial sources of low 


temperature. 

His latest investigations show that tho boat from terrestrial sources, such as heatod 
soil, is of much greater wave length than the major portion ol that received from the son , 

The preceding remarks have given a few ot the more important facts of the absorp- 
tion of solar radiation by the atmosphere. Absorption includes ell the rations processes by 
which the energy of solar radiation is in part transferred to or transformed in the atmos- 
phere in its passage through ir. This transformation increases primarily the energy of 
that portion of the atmosphere and may hence affect either the potential or kinetic 
energy. The usual, if not tho invariable, rule is that the potential energy of pressure is 
fiat modified, thus disturbing equilibrium of the then conditions. This is followed by 
motion or increase of movement or of kinetic energy with the accompanying slow re- 
adjustments of pressure. 

Little is as yet known of the actual variations oE the quantitative amounts of absorp- 
tion of the solar radiation under varying atmospheric conditions and of the emission by 
the atmosphere and ground surface. 

The latest investigations have shown that the absorption of the ultra-red radiation is 
duo chiefly to carbonic add and aqueous vapour, and that the selective absorption of the , 
higher or light radiation, greatest m tho blue, violet and ultra-violet, is due to the disinte- 
grative action of dust particles, chiefly in the upper atmospheric strata.' 

Abney haa established that the amount of absorption in the light portion of the 
spectrum follows approximately Greguet’s law, assuming a mean value for the constant of 
absorption for all wave lengths. 

A> the atmosphere or certain conatitueots of the atmosphere absorb large portions 
ol the ultra-red radiation, it immediately follows from the general law that substances 
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winch absorb any particular kind of radiation wilt in general be a source of radiation when 
heated of the same kind (Stake’s law), that the atmosphere will emit the same radiation 
The amount of absorption increases with the depth or thickness of the atmosphere and 
hence it is greater with a low than with a high sun It vanes, on the other hand, with the 
length of the day, being least in the cold weather and greatest in the hot weather 
It also vanes largely with the amount of dust in the air and the amount of aqueous 
vapnnr present in the air and hence with its humidity. 

Another important factor in varying the amount of absorption is the presence or 
absence of cloud When the solar radiation falls opon a cloud the small vesicles or 
particles probably break up the waves if small enough The most important action in 
thia case is the evaporation of a portion o* the cloud (the upper surface) and the conver- 
sion 0 [ the solar energy into the energy of molecular change This may reappear or be 
given up to the atmosphere at a subsequent stage of condensation, but it is at this stage 
absorbed in a process which in no way affects the pressure of the surrounding atmos- 
phere 

A large number of investigations on the subject of absorption and radiation by the at- 
mosphere and of the ground surface have been recently made on the Continent Summaries 
of the mare interesting results of these investigations are given in Hann's Meteorology which 
indicate that the ground surface and atmosphere both radiate heat energy largely. They 
are not apparently sufficiently exact to enable us to follow the variations of tbe energy 
of the atmosphere, annual or diurnal, due to absorption and radiation except in a very 
general way 

This absorption ol solar radiation by the atmosphere is ail over any given area during 
the night hours, i* probably a maximum sometime after sunrise, decreases to a minimum 
about noon and thence increases to a secondary maximum before snnset and finally 
decreases (or ic Explanation, page 38a) to ml shortly after sunset. 

Of tbe radiation from the earth's surface through the air and tbe amount which a 
absorbed in its passage through the air, little is known Some data are given in Hann's 
Meteorology It b almost certainly small to moderate m amount compared with the solar 
radiation and is greater by day than by night 

The radiation from the whole mass of the atmosphere itself is almost certainly mode- 
rate to considerable in amount Tbe following gives Cleveland Abbe's estimate (Vide 
Preparatory Studies for Deductive Methods in Storm and Weather Predictions, page 81) 

“ As the annual radiation from the sun does not cause a sensible increase in the 
earth's temperature from year to year, one must conclude that the loss by terrestrial 
radiation is fully equal to the amount of heat received. Now, a surface normal to the 
solar rays receives 3 0 calories per minute per square centimeter, and the quantity of 
heat received between latitudes 30 9 N and qo 9 S vastly exceeds that received on the 
two polar sides of these parallels, consequently the heated equatorial air must flow north 
and south into regions where it can cool sufficiently to balance this excessive reception 
of beat at the equator The general co efficient of emission of tbe atmosphere into 
space, which co-efficient is effective almost uniformly over the whole surface of the earth, 
must be sufficient to dispose of all the heat that the earth receives from the sun or on the 
average about 0 404 calories per square centimeter per minute (adopting Langley’s value 
of 30 for the solar constant) " 






DISCUSSION OF m RESULTS OF THE HOURLY OBfflRVMlOHS 


Cmmdenng only a limited portion of the etrth'i surface, as for example, India, Cleie- 
laud Abbe's remarks quoted apply fully with the exception that, due to the general 
atmospheric oscillation, there a a steady transfer of heat or energy from the tropical 
to the polar regions There is, hotrever, in neither region a permanent storage or con- 
tinued accumulation of energy 

The preceding remarks hare hence suggested that there ta a marked variation ot 
energy daring the diurnal period ever the Indian area. There 11 an increase during the 
day home due chiefly to the absorption of solar radiation tvhich is probably greatest about 
sunrise, end sunset and a decrease during the night hours due to atmospheric radiation 
the rale of which is probably greatest m the early morning. 

The effect ol the addition of energy to the atmosphere during the day and the varia- 
tion of energy due to atmosphere mats absorption and radiation is to gne nse to change 
of an movement aiui of pressure. The actual pressure changesare small ui amount, as 
the amount of transfer due to the movements set up is very mall relatively to the mans of 
the atmosphere over the area in question, or to express tbe facta in another form— the 
effect on the air movement is cumulative but m not so m the case ol pressure, an any slight 
change of pressure gives nse to movement which tends to restore prsmona pressure con- 
ditions Hence the actual pressure changes are residual and not cumulative changes 
It is evident that the pressure variation mtlbo roughly proportional to the amount 
end character of the absorbed solar energy and that (more especially) variation of 
one will be proportions] to the other if they are related aa came and effect 

We have now to compare the chief features in the seasonal and local dismbuhon of 
(his absorption with certan features in the variation of tbe second component corre- 
sponding tn and probably correlated to these features. 


Sumac l vtmttM tf matt abiorfiu* in tfo dry imm»— D ating the dty season 
In India, the total amount of tbiorptum of solar radiation per diem in ordmaiy 
«atf>« almost certainly vanei little from day to day There is slight innation 
m day to day due to varying amounts and distribution nrtlr elevation of dust 
parades consequent tm varying air movements, vanatioai m extent and depth of clond, 
cnieffy ctmia, and perhaps vsnatmos in the auroral and dwnbutren of aqueous vapour 
present ra the atmosphere consequent on the vitiations of air movement and the general 
air circulation He variations ef each element era almost certainly small m amount 
duni^ilin normal fine nentber of the period The distribution of aqueous vapour and 
net with delation, whilst probably modifying to some slight extent the distribution of 
, 'bxtjwon with elevation, probably affects very slightly the total amount of 
rs iT the to «* !<««* stratum of the atmosphere, 

,i» e WTat'Wu during tbe penad affectiugabsorphon nre-tho thickness or depth 
Ural of ^ K,,t radiation peases (depending upon the eleia- 

of the am) sag u, e diurnal jwod of the notion of absorption (or the length of the da } 
F^perj There wig hence be a slight general seasonal variation due to these causes 
, j lfi South tin India, The variation in tbe amount ol 

these 0 It ^ utlon ^dl depend in the dry season chiefly upon 

inverse)* «rt°.i Tbese ttf0 flctors »« opposed to each other their effects varying 
ul ' ‘ Mawnsl * midday elevation of the sum Decreasing elevation 

wwuaaeootnpsi, 1 ^ with increasing absorption durmg the day period which, however 
■a "P , and hence gives a shorter daily penod of absorpttoo and rut send 
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In consequence ot this opposition, the variation during the dr; weather period of similar 
meteorological conditions is almost certainly small in amount. The amount of absorption 
will be increased by the presence of dust, etc, in the air. The amount of dust 
present in the air in fndia is in some months, especially March, April and May, very 
largo. Combining these results, it is most probable that in India the absorplioo 
in the dry weather will vary very slightly in Southern India and will vary to a alight or 
moderate extent in Northern India 

Seasonal variation of mass absorption in the vet season —Doling the wet season, 
conditions are quite different. The tower ntr movement (from the sea to the land) 
is of great depth, and hence the lower and middle strata up to 10,000 or 15,000 
feet arc almost saturated by the continued advance of the humid monsoon currents 
across the coasts of India into the interior. There is hence a great depth of cloud 
curing this penod over by far the greater part of the coontry, the extent or thickness of 
nluch depends upon various local conditions, more especially distance from tho sea and 
position with respect to hills and also with respect to the goal of the lower air movement 
in Upper fndia. The aqueous vapour is not in the invisible gaseous stage bat is visible 
ai cloud and in the form of small particles or vesicles of water condensed according to 
Ait hen about dust particles and forming cloud masses and in part at least according to 
the latest researches to ionisiton of the air and other conditions 

A considerable to a large pan of the solar radiation is absorbed by the cloud and is 
transformed into the Intent heat of evaporation and consequently in no way affects the 
pressure or movement of the atmosphere. This portion of the solar radiation given up 
or .absorbed during the process of evaporation, while undoubtedly increasing the total 
energy ol the atmosphere, docs not increase that part of the energy which directly affects 
the pressure ol the atmosphere and gives rise to those movements which contribute to the 
pressure changes, if condensation of any part of this evaporated tapourand cloud forma* 
lion should follon in the same mass of air, an equivalent amount of heat of condensation 
or energy of molecular change will be set free. As, bon ever, it will usually be, judging 
from the occurrence of rainfall, given out irregularly and locally it will not contribute 
:o the periodic actions giving rise to the regular and diurnal oscillatory change of 
pressure and may be left out of consideration Hence, due to this action, the total 
amount of absorption per diem will be much less in the wet than the dry season and will 
be least when tbc south-west monsoon rainfall is greatest and most general, it., in 
July nnd August. There will also be local variations or differences between the amounts 
in the coast districts and the dry districts of (he interior and between Southern India 
and Northern India. 

The preceding remarks hence indicate that there uiit be a well marked maximum of 
absorption in the dry stason and n minimum in the height of the rains. The explanation 
of the action of the clouds m diminishing what may be termed from this point of view 
effective absorption, also suggests that the rapid clearing of the skies at the end of the 
rains which occurs at most stations in (Ins interior, more especially in Northern fndia, mil 
give rise to a sodden increase of absorption, or e feeble secondary maximum, followed 
•ilmosl immediately by a very feebly marked minimum interrupting ns it were the regular 
rnursc of progress of this period due to the combined results of decreasing elevation of 
the sun and decreasing length of day. 



3jg DISCUSSION or THE RESULTS Or THE HOURLY OBSERVATIONS 

Hence the sudden change in India from the dry season to the wet season and mee 
vffts should be accompanied by a sudden end considerable dimmntion in the lint case 
and increase mlhe second case of the lota! duimal absorption of theaolar nidation 
utilized m heating the atmosphere The seasonal minimum due to the change from 
the dry to the wet season conditions should hence occur to the height of the rains when 
cloud is most abundant sod densest and will be practically simultaneous over the 
nhole of India, and mil be much more pronounced than the maximum m January due 
to the venation of the mats absorption of the solar radiation with season 

The combination of the actions explained abate m the two seasons of the year will 
hence give two maxima and mmuna 1 slues of the diurnal absorption of solar energy 
in its annual variation, and hence probably in the amplitude of the diurnal oscillation, so 
far as it 'i-pWt upon this action The epochs of maxima and minima values will 
pr obabl y differ to acme extent in Northern and Southern India doe to differences in the 
midday elevation of the sun, length of the day, of meteorological conditions and other 
factors 

The following is a summary of the preceding discussion — 

(■) The absorption of the energy of solar radialion takes place through the whole 
depth of thB atmosphere. Its amount depends primarily open the depth 
of the atmosphere through (Inch the action occurs. 

(а) The total diurnal absorption during the dry season in India depends chiefly upon 

too factors which operate inversely to each other, and the i aviations of 
which are small, aw, the elevation of the sun and Sic length of the day 
Hence the variation of the total dmrnal absorption is small in amount 
during the normal dry weather of the period 

(3) The maximum absorption in India is probably one or too months after the sun 

has its lowest elevation and in Febmaiy or March, in February at the 
coast stations end in March at itatmna in the interior, where the amount 
of dust in thu hot weather ia large It hence vanes slightly in time depend- 
ing to some extent upon local conditions 

(4) The total diurnal absorption decreases slightly from this maximum in Februari 

«r March up to the end of the dry hot weather in Apnl or May according 
to the period when the diy and almost cloudless weather of the dry season 
terminates. This is at the end of April m the West Coast, Lower Burma 
and the greater part of North East India in May in the interior of North- 
ern and Centra) India and in June m Upper India 

(5) There are considerable differences between the amount of the total diurnal 

absorption in the Peninsula and Northern India, more especially North- 
Western India 

(б) There 11 a considerable and rapid decrease of the amount of absoiption from 

the commencement to the height of the rams in June or July and a similar 
and a smaller mcrease at the end of the rams in September and October at 
stations in the interior of Northers Ihdia and the North Deccan 

(I) There is hencaa very slight tendency to a secondary maximum at the end of the 
rains in the areas where it ocenra rapidly and abruptly, 
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(8) The energy of the atmosphere throogh the processes of absorption (of the solar 

and terrestrial radiation) and of radiation has hence generally in India a 
double oacillation or variation daily, having two maximum values about 
sunrise and sunset and two minimum values probably about coon and 
in the earlT morning. The most important features of the venation are 
due to the variation in the absorption of the solar radiation daring the day. 

(9) It is not possible to give approximately exact measures of the total diurnal 

mass absorption of the solar energy by the atmosphere or of its annual 
variation. 

Comparison of annual variation of the amplitude of the 
second component and of variation of energy due to mass 
absorption by Hie atmosphere^- W 0 shall in the first place show that the 
annual variation of the amplitude of the second component has maximum and mimmnm 
phases similar in character and occurring at the same period as those of the mass absorp- 
tion of radiation by the atmosphere. 

For convenience of reference we repeat a table given in page 291 and which shows at 
a glance the chief features of the amplitude of the second component in the four large 
divisions of stations in the plains of India, and at stations in mountain valleys and on 
mountain crests •— 



The folloning are the more important inferences from the data of the preceding 
table r— 

(0 The amplitude of the second component is greatest in February or March and 
least in June or July. 

(a) The variation of the amplitude is small during the dry season from October 
to April, both actually and relatively to rts absolute value. It ranges on 
the mean of all stations in Extra-Tropical India Inland between '03538' in 
October and *03669' in March (a difference of only three thousandths of an 
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inch 01 nine per cent, of the mean value), and in Tropioal India Inland 
between "04371' in November and December .and ■04767' in March or 
bud; four thousandths of an inch. 

{3} The amplitude decreases considerably at the commencement of the rains, and 
attains its minimum value generally in July when the cloud and rainfall ia 
on the whole greatest. The absolute variation of the amplitude averages 
•008' in Extra-Tropical India and •013' in Tropical India. 

{4) The mean valae of the amplitude of the second component during the four 
mouths period, June to September, ranges in Tropical India Ialand between 
*03349' and "04189' (a variation of 03 per cent, on the mean value of the 
period), and in Extra-Tropical India Inland between "01988* and "03535' 
(or ai per cent of the mean value for the period). The variation of ampli- 
tude is hence considerably greater during the short period of the rains 
proper than in the whole dry season from October to April and is also 
slightly greater in the Peninsula than in Northern India. 

(j) The epoch of the maximum amplitude ia about a month earlier at the coast than 
the interior stations. This acceleration at the coast stations b more marked 
in the dry season than in the rains. The simplest and most probable 
explanation is that it is in part due to the larger amount and earlier increase 
of cloud in the coast districts than the interior which ia as marked in the hot 
weather aa at die commencement of the rams, end in part to the rapid 
increase of dust in the interior, 

(6) The amplitudes at stations in mountain valleys and on mountain ranges are 
Eubject to the same lavr of variation as the plain stations and are practically 
proportional to the actual pleasure. Data establishing this have been 
already given (side pages 29933). This is in strict accordance with the 
supposition that the effect ia due to action through the entire depth of the 
atmosphere, and hence increases in amount with increasing depth or 
decreases with elevation above the general level and according to the mass 
of air above the poiot or which is the same thing, the barometric pressure 
The rate of decease with elevation will, however, differ considerably in the 
rainy season and the dty season. 

(7) The amplitude of the second component is throughout the whole yrar greater 
m Tropical than in Extra-Tropical India but is subject to the same annual 
variation. 

A comparison of these facts with the corresponding facts of the variation of the 
absorption of solar radiation by the atmosphere at once shows that the annual variation 
of the amplitude of the second component runs pirallel with the diurnal variation of the 
direct atmospheric absorption of the solar radiation In all its features (1), (a), (3), (4), 
(5) and (6) given in page 338. 

The correspondence between the two series of variations b further confirmed by the 
following examination of the whole of the data for the thirty stations at which hourly 
observations have been recorded in India. 
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A. The primary maximum . — The folloning gives data showing the epoch of the 
absolute maximum amplitude of this component in India : — 



There is hence a moderate range ol variation in the occurrence of the epoch of maxi- 
mum amplitude of at least tno month a On the mean of all nations il is in March over 
ihc uholc of India. 

The folloning giies (he names of the stations grouped according to the months.— 
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The foflotring table gins the values of tile muimun amplitudes in February or 
March at these stations — 
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The preceding data suggest the following:— 

(0 The differences bettveee the amplitudes in February and March are small, 
averaging less than tmo thousandths of an inch for each of the four large 
groups of plains stations [vide table, page 339) 1 hey are so small as to be 
oithw the limits of error of observations in India if account be taken of the 
limited number of observations from which those values are derived. This 
a further confirmed by the irregularity of the order of the stations according 
to months 

(a) The month of maximum amplitude at thelnfand stations is in the great majority 
of cases March 

(3) There is a very alight tendency to the earlier occurrence of the maximum 
amplitude at the coast than the inland stations The number of stations is 
no1 sufficient to justify the assumption of this as a certain inference. 

. Tht primary mimmim, The follou ing gives comparative data for thoabsolnte or 

primary minimum : — 
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or in the immediate neighbourhood of the sea co&st or in the damp cloud; Assam Tilley > 
where the transition from the conditions of the rainy to the dry season is slowest aru* 
most prolonged. On the supposition that the second component is the direct effect of tb£ 
mass absorption of solas radiation by the atmosphere^ the absence of the secondar/ 
oscillation or variation is evidently a result of the cloud action explained above. 

The following table gives the number of stations, arranged according to months, af 
which there is a secondary maximum in the annual variation of the amplitude of the second 
component: — 


Moots. 

NUUStt, 00 fTJfflQNl AT WHICH TIH ilOUtUM » A 

Atesoaoiu uaxi u oh m tm omu booth. 

Bitm-Tmfial India. 

Trftf&al Ink*. 

IiIutL 

Cant. 

Mud 

CouL 

September » • » e ■ 

7 

0 

0 

0 

October 

t 

0 

4 

0 

November 

0 

o 

a 

0 

December . . . . 

o 

0 

i 

0 

Total 

9 

0 

T 

1 


The preceding data indicate that there ts a marked tendency for the epoch of thi 3 
secondary maximum to occur earlier (on the average of all stations, approximately # 
month) in Extra-Tropical than in Tropical India. The mean epoch is September in thr 
former area and October in the latter. 

The following arrangement of the stations shows clearly the southward march of thr 
TjwJi.’ii'isfcWixxi.-asy -ssxxs'SQ.TiKJia.'. — 
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The date -indicate a fairly regular march southwards of the epoch of the secondary 
maximum corresponding to the transition from the net to the dry season in India, which 
practically accompanies the rapid clearing of the skies preceding and accompanying the 
close of the monsoon nuns, 

D. The secondary juiurmuw,— ' The following gives corresponding data for the 
secondary rainimnm — 



India than in Tropical India. The mean epoch in the former area is about the end of 


October and in the latter the end of November, and hence in both areas occurs in the 


month following that of the secondary maximum. 

The following arrangement of the stations according to months (for this feature) 
shows even more clearly than in the preceding case the southward march of the epoche 
of the secondary minimum parallel nith lhat of the retreating south-west monsoon from 
Northern India southwards over thn Say and the Peninsula s— 
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October « ♦ - 0 • 

(.uthnov ■ . • . 

Ohubrl . . 

Film ..... 

Catania . . . - 

Lahurc . . . 
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Jaipur . . 
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Allahabad .... 
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Ddfium 
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Rankle , . ■ . 

BdUry 

MadfU 
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Detente • ♦ 
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The mean value of the amplitude of the secondary maximum for eighteen stations 
nt India is •03895*, and of the secondary minimum at the same stations is '03665*, a 
difference of only -00160" which hence gives a mean value of the amplitude of this 
secondary oscillation. 

The companion instituted m the preceding five pages has hence confirmed the con- 
clusions given in page 338 and more especially the general inference that the annual 
variation of the amplitude of the second component runs parallel with, and is due to, tho 
annual variation of the mass absorption oi radiation by the atmosphere. 

An important point U suggested by the examination of the curves given in Plates 
LXV, LXVI and LXVIt showing the annual variation oi the amplitude of the second 
component. They belong to at least two types, a simple type (with one maximum and 
minimum and large amplitude) exhibited by Bombay, Cuttack, Kurrachee and Poona 
and a more complex type having tiro or more maximum and minimum values. The fust 
type belongs to stations on or near the coast, the second to stations in the interior and 
becomes more marked in its contrast to the first type for stations further into the interior 
Thu most complex curves are those. ior Jaipur and Lahore. It is hence evident that the 
second component depends to some extent upon toeol, physical or geographical conditions. 

It will he seen that the greater part of the argument of the preceding twelve pages 
is independent of the character of the actions accompanying the absorption of heat by the 
atmosphere and producing the diurnal oscillation of pressure. It simply asserts that 
nhaterer that action (and any change directly depending on tti may be, it will be an 
absolute maximum m April or May when direct solar absorption is a maximum and an 
absolute minimum in the height of the rainy season when direct solar absorption is a 
minimum There trill also be a secondary minimum when solar absorption in the dry 
wasnats a munmum mdan i n t erme di at e uamnum^snuig»hat inggplnt utils, ocamtenen, 
due to the variability of tho period of termination of the rainy season in different parts of 
India. There is hence an annual variation in the amount of absorption, greatest' during 
the cold weather and decreasing to the end of the hot dry weather in May. As it 
depends on two factors varying inversely in their effect, (vis., the decrease due to increased 
elevation and the increase due to the greater length of day) the variations will be confined 
within narrow limits in the dry season, more especially as variation of each of these within 
the tropics is confined within narrow limits. Calculation shows that the effect of the 
increase in the length of, the day will be greater in January and F ebruary than the decrease 
due to the increasing elevation of the sun. fiance the maximum dramal absorption of 
energy will not be at the time of lowest elevation of the sun in India but probably about- 
two months later, in February or March, more especially as the absorption will be 
greater with the inctease oi dust in the atmosphere which in Northern India increases 
rapidly in amount after the termination of the cold weather rains The amount increases 
largely from February to April or May. It is 10 great in the latter month as to almost 
completely obscure the sun even on absolutely cloudless days. This latter condition or 
action hence may lead to dday the maximum to March or April. 

The variauou of the total absorption will evidently be much less marked in the 
Peninsula than in Northern India as the two factors of variation are much smaller its 
amount. 
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A rough calculation shows that th« ratio of the amount of the solar energy of radia- 
tion which passes into or is intercepted by the atmosphere over a given area in Upper 
India in May or June (the height of the hat weather) to that intercepted in January is 
approximately a to i. 

A similar calculation gives for tbc corresponding ratio in the southern half of 
the Peninsula 3 to a, It is not as yet possible to gite corresponding figures for mass 
absorption. 

Surface absorption Of enoryp.— The second largo action to be considered 
is the absorption of heat by the lowest layers oi the atmosphere in contact with the earth's 
surface by the processes ol conduction and convection. It is not necessary at the present 
s'age of the enquiry 10 study the aetual processes or actions. It is sufficient to shite that 
by these processes energy (degraded solar radiation) is communicated from the earth's sur- 
face to the superjacent air, and that the amount thus communicated is probably larqe— as 
large as, if not larger than, the energy absorbed directly during the transmission of the solar 
radiation through the atmosphere. In the latter case, the energy is communicated directly 
and immediately 10 the whole mass, resulting probably m a general stow mass movement 
of expansion with collateral horizontal movements. In the former cose the energy is com- 
mon! cited directly only to the lowest layer and probably pusses very rapidly through the 
potential to the kinetic stage. The movements thus exhibited are in slight part expansive, 
but arc chiefly convective in character nitlt the accompanying horizontal movements in 
the lower and upper strati 

Seasonal variation of surface alsorfition of energy.— This absorption of terrestrial 
surface energy (if it may be so termed) per diem will evidently be smallest in India in 
December and January, depending as it does on the length of the day and the elevation 
of the sun. It will be greatest in the hottest and driest months of the year, i.e., in 
April, May or June, and the maximum effect will be a month or two later in Upper 
India than in the Deccan and Southern India. The action nill be comparatively small in 
the rains, as the solar radiation which falls on the earth’s surface is in the regions of 
heavy and frequent rain small in amount (due to tho think curtain of cloud which protects 
it from the direct solar heat action) and is also chiefly utilized ip evaporating the surface 
water and moisture. There wilt hence be a marked contrast between the amount and 
effect of tins action in the dry and wet seasons, and thu contrast will he most strongly 
exhibited in regions in which the contrast between the dry and rainy seasons is most pro- 
nonneed (i.c. the Gangetic Plain, Central India and the Central Provinces) and will be 
feeble in the regions of comparatively slight rain during the south-west monsoon, including 
Sind, Rajputana and the West and Central Punjab. 1 here will hence be a minimum oi 
action due to these surface condemns (generally in July— the month of most general and 
heaviest ram). Finally this action will have a more or less considerable increase at the 
termination of the rams, as over a large part of the interior of India the transition from the 
rainy season conditions to dry weather conditions is comparatively abrupt. There will 
hence he a secondary maximum shortly alter this in September or October according to 
position following the minimum due to the rainy season conditions. 

A consideration ol the actiomt would also indicate that m the drier interior dis- 
tricts oi North-Western India, the first minimum in the cold weather (when the solar 
heating action is small due to the low elevation of the sun and the shortness of the day) 
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would be the absolute minimum but that in the Peninsula and mere especially the west 
coast districts, the second minimum in the height of the rains would probably be tbe 
absolute minimum. 

Whence as a general conclusion, although it decreases with latitude, its variation is not 
chiefly dependent upon latitude, but apparently fa r more largely upon local conditions. 

The chief feature of this action is that it depends very largely upon local conditions 
such as amount and depth of cloud, position in the interior or near the sea coast, proxi- 
mity to bills, etc., and other conditions- determining amount and periods of rainfall, etc. 

A study of the data of the gronnd surface and air temperatures at Jaipur and Alla- 
habad and of the charts in Plates VIII and IX illustrating the data will show the general 
character of the action between the ground surface and the air immediately above it. 
Similar data for several European stations and the chief inferences suggested by tbe data 
will be found in Haon'a Meteorology, pages 50 to 55- These results agree closely in 
general character with those given in pages 51 and 59 of the present memoir, tbe ohief of 
which may be repeated for immediate reference : — 

(1) The ground surface temperature is above that of the air temperature in tbe 
shade four feet above the ground during a portion of tbe day, varying in 
Northern India from about eight hours in December to twelve hours in 
May and thirteen hours in July. 

(9) The gronnd surface temperature is below the air temperature for a diurnal 
period of shout sixteen hours in December to twelve hours in May and 
eleven boon in July (representative ef the hot weather and rains). 

(3) The day or maximum differences of temperature are large, increasing laamount 

from December or January to April or May when the maximum differences 
(averaging about 43") are nearly twine aa large as in December (so°) in tbe 
latitude ol Jaipur. These large differences give rise to vigorous convective 
movement. 

(4) The night differences are small compared with the* day differences and are 

nearly constant in amount during the greater part of the night, averaging 
so far aa can be judged from the Jaipur data, 1° in the height of the ruins, 
8* in the hottest season (April or May) and 8° in the cold season (Decem- 
ber). These differences give rise to a slow settling down or contraction ol 
the superjacent air, accompanied with very feeble horiiontal movement 
except under certain local eooditians such as obtain chiefly in hill districts 
and the adjacent plains and in coast districts and the adj'acent sea areas. . 

(j) The annual variation of tbe difference of the ground surface and air tempera- 
tures is similar in form to that of the annual variation of the amplitude of 
tbe first component of the pressure variation as is at once seen by com- 
paring the curve Fig. 7, Plate VIII, representing the annual variation of the 
former element at Jaipur given by one year’s observations, and tbe curves 
of the latter element for Bellsry, Jaipur, Allahabad, etc. 

(6) 1 he annual variation of this action is not primarily a function of latitude as its 
intensity depends not merely on the suit's elevation bnt on the length of the 
day, and the combined effects of these give nearly the same values for the 
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maximum intensity in Nonhem India as in the Peninsula, The variation 
appears to depend, as already established, chiefly on local and seasonal 
conditions. 

The following is a summary of the more important features of the annual variation of 
the surface absorption of degraded solar radiation energy 

(r) The surface absorption of energy has a well-defined double annual variation at 

all stations in India. The annual variation is m part due to the varying 
elevation ol the sun with season and in port to the seasonal contrasts of the 
wet and dry periods. 

(s) There is a well-defined minimum in the cold weather (December or January) 

when the sun's midday elevation is least. This minimum is the absolute 
minimum of the year in Northern India where the variation due to the 
annual range of the sun's elevation is greatest. 

(3) The first maximum of the year occurs in the height of the hot weather (in 

April or May) when the sun's elevation is greatest and the air is driest, and 
hence conditions are most favourable for rapid and large beating of the 
ground surface. 

(4) The second minimum of the year occurs during the height of the rains or in 

the month of July over the whole of India, This is the absolute minimum 
of the year in Tropical India where the contrast between the dry and wet 
seasons is more effective than the range of midday elevation of the sun. 

(5) The second maximum uf the year occurs at the end of the rainy or net season 

when the rapid clearing of the skies accompanies a large and rapid increase 
of the heating of the ground surface followed by decrease due to decreasing 
elevation of the sun. This change is most marked at the interior stations 
of Northern and Centra! India and the North Deccan. 

Comparison of annual variation of surface absorption of 
energy ami of the ‘amplitude nf the first component of the 
pressure diurnal oscillation.— One of the primary facts established by 
meteorology is that the rapid uptake or convective movement accompanying or giving rise 
to the conversion of thermal potential energy of any portion of the atmosphere into the 
Ahttlie energy of convective air movement is accompanied by a decrease of pres- 
sure at and near the earth's surface, the intensity of which is related to the intensity 
and amount of the convective movement. 

The heating of the loner strata of the atmosphere is due chiefly to contact with the 
earth's surface. 

The communication of heat by day gives rise 10 expansion and to convective move- 
ment or uptake. Uptake is as a rule accompanied with or followed by decrease of pres- 
sure at the earth's surface in thuarca of uptake, and the inverse movement of descent by 
increase of pressure. The communication of heat between the earth's surface and the 
lower atmosphere is hence periodic in character, the chief period being 04 hours, The 
air movement and variation of pressure accompanying this action will also be periodic and 
hence be a simple or complex variation of 34 hours' fundamental period. This at once 
suggests that the first or 04 hourly component may chiefly or primarily represent the 
effect of this periodic actico. 

Tlus question is discussed in the following pages. 

B 
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The following table which gives the monthly mean amplitudes o£ the first component' 
in Extra-Tropical and Tropical India i« given for easy reference 
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The (allowing are the mare important inferencaa (com the above data illustrating the 
parallelism between the time or animal variation of the amplitude of the first component 
and the surface absorption of energy by the atmosphere — 


(1) The amplitude varies very largely j but it is not posable to express the annual 
variation as a function of the latitude as it varies at stations in the same 
latitude very largely with seasonal and local conditions. 

(») The first oc cold weather minimum of the year occurs on the mean of all 
stations in Extra-Tropical India in January (when surface absorption is least), 
ft occurs in November in the coast districts of Tropical India and in De- 
cember in the interior. This acceleration of this epoch is almost certainly 
dee to the raisfatl of the period in that area which tends to diminish surface 
absorption considerably and accelerate the minimum which, due solely to 
the sun's elevation, would be in January as in Northern India. This mini- 
mum is the absolute minimum of the year in Extra-Tropical India Inland. 

(3) The first maximum af the year is in the height of the hot weather, m 
Apnl in Tropical India and Extra-Tropical India Coast, and in May on the 
average in Northern India. It hence occurs at the period of greatest 
beating of the ground surface and of surface absorption in each of these 
areas. It is very variable at the bdl stations (e.g., Pacbmathi, Simla, 
Srinagar and Leb) where the local condition vary very largely. 

(4) The second minimum of the year occurs in July on the meaa of all stations 
in Extra-Tropical India and Tropical India Inland or in the bright of the 
runs when surface absorption is least. It is the absolute minimum of the 
year in Tropical India and Extra-Tropical India. 

(s) The second maximum of the year is in September m Extra-Tropical India Inland 
and in October in. Tropical India and at the coast stations in Extra -Tropical 
India. It is hence coincident in its epoch with the partial or complete 
bearing of the sbes accompanying the retreat of the south-west monsoon. 
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(6) Tbe cold-weather migimnm amplitude is considerably smaller in amount in 

Extra-Tropical than in Tropical India (where it u diminished by the action 
of rainfall). 

(7) The hot-weather maximum ia on tbe average of all stations greater in Extra- 

Tropical than in Tropical India. It varies considerably in amount at 
different stations, but is absolutely greatest at the following stations i — 



(8) The amplitudes of the wet-season minima an considerably less in Tropical than 

in Extra-Tropical India. This again ia in accordance with the general facts 
of surface absorption. 

(9) The amplitnde of the second maximum at the termination of the rains is 

greater in Extra-Tropical than in Tropical India. It averages ’os8* in 
< the former and *014' in the latter area. 

(to) It ia very small on mountain crests and bigs in moimtaih valleys even at the 
same elevation, and is hence at different elevations not proportional to the 
actual pressure but depends upon other local conditions. These have 
been folly and dearly worked out by Hann and bis conclusions have 
been generally accepted. This is in accordance with the assumption 
or hypothesis as it ia evident that tbe conditions and amount of surface 
absorption are quite different in mountain areas from those in the level 
plains of Northern India and tbe Deccan, 

(11) It is considerably larger at inland than at coast stations. The following gives 
data for six pairs of stations for the mean day of the year 1— 
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A similar contrast between toast and inland stations holds as strongly, it need 
hardly be stated, between the absorption of energy by the atmosphere From the earth’s 
surface. Conduction and convectiie action increases From the coast stations for some 
distance to the drier districts ot the interior, 

(is) It also, as indicated by the data for Belganm, Poona, Cuttack and Calcutta, 
depends on other conditions such as position with respact to land and sea 

Os) It appears in India to be dependent largely upon the temperature conditions of 
the losest atmosphere which again are largely dependent upon local con. 
ditioos as For example winds, neighbourhood to the sea or to ranges of 
hills, etc. 

The preceding remarks hare established that there is a strict prallelism between 
the more important features of the annual variation oi the Erst component of the diurnal 
^.•■ihi™, of pressure and of the absorption of heat energy by the earth’s purFace and 
its transference to the adjacent atmosphere by the accompanying largo convective and 
other movements, more especially in the following — 

(i) The critical epochs of both occur at about the same periods of the year. 

(s) The northward and southward march of the critical epochs depends on large 
seasonal conditions. 

(3) The character of die epochs, £s„ whether absolute or secondary, are coined. 

dent in tune and vary similarly in time over India. 

(4) The periods and amplitudes of the former are directly related to the intensity 

of the latter and are not chiefly a function of the latitude, but depend in 
part upon seasonal conditions, ag., distribution of rain, contrasts of burnt, 
dity, temperature, etc , and io part upon local topographical conditions 
auch as proximity to the sen, relation to and character of prevailing 
winds, etc. , 

Comparison for stations, — This parallelism between the two series of annual variations 
is Further confirmed by a closer examination of the facts for individual stations. 

A First or hot vtothar omstmam . — The Following gives a summary or the data 
showing the petiod oE occurrence of the first maximum amplitude in India in the course 
oi its annual variation 
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CHAPTER IX. 

Concluding General Discussion. 

Tbe object of the following discussion is not to work out a complete theory of 
the diurnal oscillation of the barometer, but to investigate the relations between the 
diurnal oscillation of pressure in India as disclosed by the senes of observations under 
discussion and'' the diurnal variations of the other elements of meteorological observations 
and also to ascertain to what extent it is 'dependent upon the seasonal variations of meteo- 
rological conditions and upon local and geographical conditions in India. 

The Indian Empire forms a fairly well-defined meteorological area, presenting 
massive and well-defined contrasts of seasons,and a greater variation of climatic and local 
conditions than perhaps any other similar area in the world, ft hence, so far as I can judge, 
afiords an excellent field for testing how far seasonal and local geographical conditions 
modify tile amplitudes and periods of the diurnal oscillation. 

The chief ini estigators in this branch of meteorological enquiry am Kreil, Buchan, 
Bhnford, Hann, Cole, Curtis, Angot, Rykatcheif and Bigelow. 

Buciian and Hann represent the two chief types of investigation in this field. 
Buchan in his papers an the subject deals with the diurnal oscillation as a whole and 
endeavours to correlate it with the actual pressure changes due to temperature and air 
movement, which more or less cooperate and act together. It seems to me that 
Buchan's method is necessary for a thorough grasp of the subject, more especially the 
connection batwecn air movement and pressure. 

The other type ol investigation, adopted by Hann, is to employ the method of harmonic 
resolution of the oscillation into harmonic components ; to consider these separately, and 
to endeavour to assign these components to separate and independent actions. This is 
perfectly legitimate under two points of view 

(i) If the actions are independent, and also differ considerably from the free 
period of oscillation of the atmosphere, so that the ware movements thus 
initiated will be practically proportional in amplitude to the causes. 

(3) If any one of them agree closely in period with that of the free atmosphere, so 
that there should be an accumulation of effect due to the general principle 
utilized in various ways and thus enunciated by Lord Kelvin, Routh, Donkin 
and others, via., the amplitude of any component of a forced vibration will 
bo large if us period coincide with that which would belong to a component 
of the natural vibration or (here will be forced vibrations of large amplitude 
if amongst the components of the obligatory vibration tbeie exist any with 
periods equal to those of the natural vibration. 

It appears to be desirable to give a summary of the results of the investigations of 
Buciian and Hann (or reference in the following discussion. They give the most 
important results of the two types of investigation in this subject. A summary is also given 
of Curtis's investigations as they are probably based on the longest and most exact series 
of observations that have as yet been utilized for the discussion of the diurnal oscillation 
of pressure. 

(1) BUCHAN.— Dr. Buchan has dealt at considerable length with this subject. His 
chief contributions arc to be found in bis paper " On the diurnal oscillation of the barometer 
Part I,” read before tl.e Royal Society of Edinburgh and published in Vol. XXVII of the 
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The Absoluts maximum occurs co tbs moan of all stations in Tropical India in April 
and in Extra-Tropical India in May. The data indicate a northward movement in time 
of the epoch, corresponding with the movement of the greatest surface absorption. 

This is shown more conclusively by the following data:— 



The preceding list indicates that the time of occurrence of the maximom epoch of 
the first component is delayed in advancing northwards from Sonth India to the Punjab, 
the northward march being parallel in point of time with the northward advance of the 
intensity of solar action on the ground sniface and the lowest atmospheric strata. 

This maximum (is., the hot weather maximum) is the absolute maximum at the 
great majority of stations, the only exceptions being the following 1— 


Kurrachcc -0x317 in December. 

Srinegar. ........ -03540 id October. 

Leh ......... -04663 in September. 

Srinagar '03758 lu Aogort. 

Aden -04851 hi Augarfc. 

Madras . -03074 in July. 


These exceptions, however, conform with the general rule as, so far as can be 
judged from tbs very imperfect available data, the months of maximum amplitude are also 
the mouths of greatest absorption of solar radiation by the ground surface at four at least 
of these stations. 
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B. StamSary mtinttwt at tie end of ike rainy team .— The following table gives a 
iiimmarf of the data for the epochs of the seconder; maximum which occurs about the 
termination of the rains — < 


Hum. 


£itn-Tr«»fci] 

liia. 

Trtflotuda. 


9 

1 

Sgprsitxr t ...... . 

9 

4 


1 

J 

Nevtaber t 

9 

s 
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0 

9 

Total 

It 

n 


This manmnni is feebly narked at most stations. It occurs generally in September 
m Northern India and from September in November in Tropical India and shows a fairly 
well defined southward progression. 

The following gives a list of the stations arranged according to the months of occur- 
rence of this iMtimum — 
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This maximum is either absent or very feebly marked at the Following stations:— 

Calcutta. I Knrracbee. 

Pachroarhi. | Srinagar. 

This maximum occurs generally in September in Northern India and from October 
to December in the Peninsula, and hence concurrent with the clearing of the skieB at the 
termination of the south-west monsoon rains, and its epoch hence runs parallel with that 
of the retreating south-west monsoon and is earliest in Northern and latest in Southern 
India. It also varies very considerably in the Peninsula as might be expected from the 
conditions of the occurrence of cloud and rain in that area, and the prolonged and slow 
retreat of the south-west monsoon in the Bay and Peninsular area. 

C, First or cold 'sstaiier minimum,— The following gives data for the minimnm in 
the cold weather:— 


fclowru. 

Nomx or ktatsus 

AT WHICH THBAWLITUBB U A 
BLHIHUIL lit TW QIYW HQBTH. 


Tropical India. 
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■ 

4 
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1 

?t 

January . 

It* 
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0 

Toni • 

15 

>4 


* Abulolt tuSalnma, f Screwlatj ml drum. 


ft occurs at the great majority of stations in Northern India in January, ft is more 
variable in Us occurrence in the Peninsula, ranging between November and Jannary. The 
following gives the distribution of stations by months :— 
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Moms. 
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Trnf Vr I fodh. 


CuniA. 

CUUsrikiF 

Jubbolpon. 


Ftkrauy 


S&opr 
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This minimum occurs iu Northern Indie, almost without exception, in January when 
the heating of the ground by (he tolar radiation it least, doe to the low elevation of the 
sun and the decreased length of the day. The minhtnini nt stations in the Peninsula 
occurs under similar conditions, hut these are more variable, due to the solar action being 
largelydnd irregularly interfered with by the pretence of frequent cloud, and by occa- 
sional to frequent hqavy rain. 

D. Setonl v wi sittsen minimum . — The following gives corresponding data for the 
misnnum during the rainy season i— 
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Whence the ehiolute minimum it on the mean in both areat iu July (the height 
of the rains and the period of the greatest and molt general cloud.) There it a slight 
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delay in Upper India where August 'is frequently the mnnth of greatest cloud. The 
variation in the epoch of this minimum is very alight The Eollcnving gives data showing 
the progression of the epoch with time from south to north 1 — 



The general Recurrence of this phase over Northern India in July and the northward 
march of the epoch from the extreme south of the Peninsula in April to the Central Pro- 
vinces and the Gsngetic Plain in July are very significant facts and in full accord with 
the assumption. 

The most noteworthy fact is that this minimum occurs during the height of the 
monsoon rains, when there is much cloud and frequent rain, and hence when the heating 
of the ground and the lowest air stratum is a minimum, and the meteorological conditions 
in India more or less markedly resemble those obtaining over open seal in the same 
latitudes. 

The absolute minimum of the year occurs in the higher latitudes in India, *>,, over 
the whole of North-Western India (including! the Gangctic Plain, Central India, Raj- 
putana and the Punjab) in the month oi January and the secondary minimum in the rains- 
The contrast between the values of the two amplitudes increases with increasing latitude, 
and is hence strictly parallel with the variation of the terrestrial absorption of solar 
radiation and with convective action. 
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Orar the remainder of India, (»’ North-Eastern and Tropical India and Burma) 
the absolute minimum is during the rainy season and the secondary minimum in the 
cool and dry season. The following gives data in illustration 
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It is a very significant fact that the absolute minimum amplitude of the first com* 
ponent occurs almost invariably in Northern India in the cold weather and in the Pcnin- 
eula in the rainy season. There is hence an exact correspondence between the periods 
ef greatest and least absorption of energy by the atmosphere from the earth's surface (A) 
and the epochs of the maxima and minima amplitudes of the first component (B), as 
shown fadov — 
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This corns pond once is almost a sufficient proof that the first component is mainly 
an efiect due to the air-moTement initiated by the heating of the lover atmosphere by 
contact with the earth's surface. This is confirmed fay the variation of the epochs of the 
maxima and minima amplitudes in different seasons in different parts of India as estab- 
lished by the preceding discussion. 

The parallelism between the epochs of the action and of the phases of the first 
component is exact in every respect There is complete correspondence between what 
may be termed the periods of the phase or epochs of cause and effect over the whole 
Indian area. 

It may hence be fairly assumed that the first component or element of the dinrnal 
oscillation represents chiefly the effeet of tho solar radiation absorbed by the earth and 
given up in a degraded form to the atmosphere, the energy being redistributed by means 
of convective and other movements. This action ol interchange of energy between the 
earth's surface and the atmosphere is periodic, of 94 hours. The resultant transfer is 
horn the earth to the atmosphere during the day and from the atmosphere to the earth 
during the night hours. It is not possible to give an exact mathematical expression for 
it, hut if it were developed by Bessel's method it is very probable that, in addition to a 
94 hourly component of large amplitude, there would be sub-components or har- 
monics of shorter periods. The first component pf (he diurnal oscillation hence probably 
does not represent solely and entirely the effect of the action indicated. 

Conclusions from preceding disctnsiou {pages 332 to 358).— The preceding has 
shown a striking parallelism between (lst), the annua! variation of the first component of 
the Bessclian resolution of the diurnal variation of the barometer and the surface absorp- 
tion of energy by the atmosphere ; and (and) between the annual variation of the second 
component of the Bessclian resolution of the diurnal pressure oscillation and the mass 
absorption of energy by die atmosphere. The parallelism is so exact as to afford a very 
strong presumption in favour of the foHoning conclusions s— 

(/) The fret component of the diurnal oscillation is mainly dnO to actions con- 
nected with the absorption of energy in the lowest atmospheric strata tu 
contact with the cartk’s surface (i.e., to surface absorption). 

(a) The seeend component it mainly due to actions connected with the absorption 
of radiation (chief y solar) in its passage through the atmosphere (i.e., 
to mass absorption). 

Independence of first aud second components of the diurnal pressure oscillation . — 
The discussion of these two actions has indicated dearly that they are entirely different 
from and independent of each other and that the changes of pressure due to these 
actions are effected by different kinds of air movement. Tfae movement due to mass 
absorption is mainly one of general expansion and contraction accompanied by Blight 
horizontal movements and that due to surface absorption is mainly convective in charac- 
ter, Le, local, vortical or convective movements and vortex whirls with the accompanying 
general horisontal movements. 

As ihe actions are independent of each other and have different laws of annual and 
of diurnal variation (allhough both in part arc the result of seasonal conditions) the first 
and second components ol the diurnal pressure oscillation should, on the assumption given 
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' stofe , be almost, if not quite, independent of each other, One of the most remarkable 
featmes of the diurnal oscillation pointed out by all investigators who have analysed the 
tom,! pgfjiiarinn by the Besselan process if the absence of relation between the 
first end second components. 

The assumption or hypothesis (given as a conclusion of the preceding discussion in 
page 359) also ac coasts (or the magnitude of the second component as compared with 
the first, as it makes them tiepend upon vaiistions of the absorption by the atmos- 
phere of the energy of solar radiation, the total amount of which b the case of 
the mass absorption of solar radiation is, according to Langley, at least 33 ? a cet| t- 
(according to another estimate tft per cent.) of the total solar radiation and in the case 
of the surface absorption is (taking into consideration irregular reflexion at the earth's 
surface^ absorption by vegetation etc.) most probably not more and probably leas than 
that percentage amount. 

The following gives a few of the mare important points of contrast between these 
two elements or components of the diurnal pressure oscillation r— 

(1} Theamplitudesof the first component are very small for fowler or coast stations 
and are large for continental ststions, whereas the amplitudes of the second 
component are large and are practically the same in amount over continents 
and oceans m the same latitudes. 

(a) The amplitude! of the first component depend to a very large extent on local 
conditions whereas those of tire second component vary slightly with local 
conditions and are mainly a function of latitude, 

(3) The amplitudes and epochs of the first component at stations in mountain 
valleys and on mountain ridges vary very largely from each other and also 
from those of plains stations b the same latitudes and under similar 
general meteorological condition and also very largely from the correspond- 
ing (dememts at neighbouring stations in open plains. On the other hand, 
the ampfiodea of the second component at mountain stations arc approxi- 
mately proportional to the actual pressure and the critical epochs identical 
witb those at neighbouring plains stations. 

(4) The critical epochs of the second component vary within much narrower limits 

with latitude and season than those of the first component, 

(5) The ampfitode of the first component in the comae of the year varies much 

more largely with latitude and Season than that of the second component. 

(S) The amplitudes of the first and second components have a double varia- 
tion of oscillation in the ooasa of the year. The primary oamllation in the 
case 0/ the firat component depends, more especially in Northern India, 
upon the contrast between the cold and hot seasons, and in the case of the 
second component npon the contrast between the dry and wet seasons. 
They hence depend upon or are related to different seasonal conditions. 

(?) The amplitudes of the secondary oscillation of the annul variation of these 
elements are much more pronounced in tne case of the first than the second 
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component, the tamer being on the average twelve timet At great as that 
of the second. The following gives data for six stations in illustration;— 
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Further confirmation of the hypothesis— TUc following conclusions 
should be kept carefully in mind throughout the present discussion 

(1) The actual pressure variation is a residual or differential effect. 

(s) The total air pressure in India usually adjusts itself rapidly to the local condi- 
tions. Large local differences of.aqiicous vapour pressure and of tempera- 
ture and of changes of these elements may obtain over the land at stations 
within jo or too miles from each other and yet the resultant diurnal oscilla- 
tibn at these places of vciy different meteorological conditions is usually 
almost identical in character and amount. 

(j) It fs only when the local conditions Mid variations of conditions become • 
large and massive that tre find targe variations of type. Amongst the chief 
variations of conditions in India modifying the character of the diurnal pres- 
sure oscillation are the following ;— 
fir) Transition from land to sea. 

(b) Variations due to alternating land and sea breezes. 

(r) Variations due to contiguity to extensive mountain masses and 
resulting from the local atmosphere movements in these areas. 

Ccntiser.lal and me nlimt lyftt.— According 10 the explanation or hypothesis 
advanced, the action and resulting diurnal variations of pressure due to mass absorption 
are similar in amount and diameter over continents and oceans in the same latitudes, 
whereas those due to surface absorption are my slight over oceanic surfaces and are 
large in the interior of continents and increase rapidly in amount in passing across the 
coasts into the interior, 

Hence ihe diurnal variation at sea consists mainly of a semi-diurnal oscillation and of 
sub-components, whereas over the land it is the combination of two independent and 
large components with sob-components, oar., n semi-diurnal harmonic oscillation as over 
the oceanic surlaec and a diurnal harmonic oscillation increasing in importnnee and 
amplitude as we proceed from the coast districts la the dry interior of the continent (with 
the respective sub-components}. 
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The hypothesis or explanation accounts satisfactorily »t witter &e TOntrast 
between At maritime and the continental types of the diurnal oscillation ta also to 
the .ppwtimafion ol the diurnal pressure oaJUfion over the greats part of India to the 
maritime type during the height of the south-west monsoon 

Tm fidilmel ttofmtiu*! —This hypothesis advanced to account for the elements or 
components oi the diurnal pressure or oscillation is farther confirmed hy various other const- 
Aerations w comparisons of which the two following appear to be the most important 

{Kf. The cause, tis, the absorption oi ewngj trmsutad. tew the sun to the 
earth’s surface and thence communicated to the atmosphere by the process of convective 
movements varies very considerably through the year, fie measure is, for comparison 
purposes, from one point of view the total amount received per diem, and faun another, 
the greatest intensity of the action during the day. 

It is evident that, tatting into consideration the intensity of the action and the length 
cl the day, the measure of the maximum total diurnal absorption will differ little in 
different pans of the ulterior of fndis doing the dry reason, it the conditions ol humidity, 
solar intensity, absorptive powers oi the so) and atmosphere do not differ much in that 
season. 

Bence it may he fairly assumed tint the rasimum amount of absorption will differ 
little in intensity in the interior hat that its epochs will be earlier in the Peninsula than in 
Northern India end more especially North. Western India. 

This is madly paralleled by the, chief features of the absolute maximum ampli- 
tudes ol the first component, via, that they differ little in amount at stations in the 
interior of India hut that the epochs are retarded with increasing latitude. The following 
selected data illustrate these two features fully I— 


Sdto. 

AWirUmOw. 

mMWUi 

hmiu 

VtftW fcCKTWC*. 

Tikwpty ....... 

► 

■*sfis 

' 

Puna 

»3 50 

m 

Cuttack 

wane 

m 


'<ws 

APnt 


■•Sib 

» 

Dru 

*U30 

Nay. 



n 

fttu 

“4m i 

» 

Loefcuow ........ 

vjBiS 

V 

lots ........ 


Jvw. 

Latan ...... 

0398a 



(B). A second noteworthy feature it Out the ratios of the absolute maximum and 
minimum amplitudes of the first component of llie> diurnal pressure oscillation are roughly 






3 ,8 discussion OF the results of the hourlv observations 

Transactions of that Society, in the volume on the scientific result# of the Challenger 
Ex pedit ion "Report on Atmospheric Circulation," pages u to 44, and in the 

a rticle "Meteorology * in the last edition 0/ the Encycfopasdia Britannwa' (Vol. XVI, 
pages tai— 4). 

It may he pointed out that throughout his nods he discuses the ■ diurnal oscillation . 
as a whole and does not employ Bessel's methods of resolution into harmonic components. 

The following gives the more important facts and inferences relating chiefly to, the 
diurnal oscillation m tropical regions (within 30° north and south of the equator) given by 
Dr. Buchan in bis article "Meteorology “ in the Encyclopedia Britaoniea which we believe 
rep resen ts his latest and most complete views on the subject. 

“ In the tropical belt the lines of mariaum and minimum epochs run north and south, 
and hence the effect is that of waves advancing in a westerly direction with the velocity 
of the sun's apparent motion. In extra-tropical regions the lines are largely modified, 
chiefly in the morning maximum and afternoon minimum. The conditions of maritime 
stations delay and of continental stations accelerate these epochs^ more especially the 
morning maximum epoch. The retardation of the la A.U.maxunnm Is greatest fn islands 
or insular masses Dear great tracts of laud ", • • 

"In proceeding vertically upwards, the morning maximum occurs later (a.g,,, at Ben 
Nevis at 3 P.U.). In many cues, the rffocti of elevation of the diurnal oscillation are 
similar to those of proceeding from the intenor of coorinents to maritime and insular 
districts. A common feature in insular and mountain districts (tie., on sommits of ranges) 
is that the early morning mimmnm is more marked than the afternoon— the contrast 
increasing with intensity of conditions." 

The following are the more important facts upon which Dr. Buchan loses bisriieory 
ai the origin and cause of the diurnal oscillation 1— 

(1) The oscillation occurs alike in the open oceanic surface as 'well as over the 
land surface of the wo rid, 

(s) The osollaiion over the tropical regions of the Pacific and Indian oceans 
consists ni a large day oscillation and of a smallish night oscillation, the 
amplitudes of which are in the ratio of abont 5 : a. 

(3) The amplitude of the oscillation is greater in an atmosphere highly charged 

with aqueous vapour than in a dry atmosphere (in the same latitude and 
at the same elevation), 

(4) One of the most striking facts of meteorology is the 'suddenness with, which 

the barometric oscillation increases ‘in amplitude on entering the low 
pressure belts of the'iateMropicsl regions and the rapidity with which it 
diminishes on entering into the high pressure regions of the horse latitudes. 

(5) The amplitude oi the diurnal oscillation decreases with elevation, 'but is greater 

proportionately to the whole pressure than at low levels, 

(6) The amplitudes and times of occurrence of the phases oi the diurnal barometric 

tides are subject to great modifications over the land— in' point of timet- 
dne to the heating of the earth, and hence are most marked in character 
where insolation is strongest. 

1 Buchan considers (3) and (4) as strong,, if not conclusive, proofs that the diurnal ‘ 
oscillation is due chiefly to the direct absorption of solar radfauion in its passage from the 
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proportional to the relative intensities oE the diurnal heating of the surface and lower 
strata by the solar action It has been painted out in a previous page that although 
the absolute maximum amplitudes of that component occur during similar hot weather 
conditions and hence during the same period in India, the absolute minima amplitudes 
occur in North-Western India and the remainder of India under different meteorological 
conditions and at different seasons of the year. 

The absolute minima occur m North-Western India when the heating action of the 
sun is small due to its loiy elevation and to the shortness of the d-y and when also there 
is occasionally a considerable amount of cloud, accompanying the cold weather storms of 
the penod As these conditions are more and more marked the further we advance 
northward, it would follow on the supposition advanced that the absolute minimum am- 
plitudes of the first component would occur at stations in North-Western India during this 
penod, that they would decrease in amount with increasing latitude and that the ratio of 
the absolute maxima (which are nearly uniform in amount) to the absolute minima would 
increase considerably in that area with increasing latitude. 

The following table gives data which show that these inferences are in exact accord- 
ance with facts — 
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The meteorological conditions, more especially the amount of cloud and aqueous 
vapour pressure, do not differ largely during the dry season and their variations are inverse 
to each other. It is hence interesting to note that the maximum difference of temperature 
between the ground surface and air four feet abuse is very approximately twice as large 
mApnlor May as in January ,aiid that taking mu account the diurnal period of solar action 
the ratio of the total diurnal absorption in these month* is approximately three There is 
hence a close correspondence between the quantitative variations of these two (ns., sur- 
face absorption and amplitude of the first component) in North- Western India during the 
dry season as measures of cause and effect. 

The absolute minima amplitudes occur in the rainy season over the remainder of 
India including North-Eastern and Central India, Burma and Tropical India. The con- 
trast of conditions determining the action at these stations is between the clearness of the 
skies and freedom from cloud, etc , in the dry season of greatest absorption and heating 
of the earth's surface by the solar action on the one hand and the density of cloud, amount 
of rainfall, steady persistency of rain and comparative absence of sunshine m the wet or 
rainy season on the other band. This contrast is most marked in the Konkan, Malabar 
















afi4 discussion of tub results of thj hourly observations 

- ndt he Wert Deccan. his the area of hut cloud and greatest serenity in the cold and 
Z weather months, end is also the region oi heaviertand most frequent and permit 
rain and of the greatest density or thickness of cloud in the rainy season months, This is 
paralleled by the corresponding contrast between the maximum and miruonm amplitudes, 
a shown by the following data for the stations for which information is available 

I I tmmimuwiw I AmuniiiuiiwmiwjTML I I 



Over the remainder of India including North Eastern and Central India where the 
contrast ts less marked, the ratios range between r j and »D and are practically the same 


under similar conditions. / 

Sub-component# related to first and second components of 
diurnal pressure oscillation 

It has been established that the first and second components differ so completely , 
[ram each other in the amount and variation o! their amplitudes and epochs as to be- 
independent of each other and represent the effect of independent actions, causes or 
conditions and that tins conclusion is generally accepted by all physicists who have dealt 
with the subject from this aspect. On the assumption of the explanation given, it has 
been pointed out that the variations of energy accompanying and producing the compo- 
nent variations of pressure measured' by the first and second components of the Besselian 
resolution are not ampin harmonic-variations. 

It this he the case, it is almost certain that the effect of their actions cannot be 
represented by a simple harmonic element, hut that there would be sub-components in 
that analysis If they could be analysed separately. 

In this case the first component might have residual components of is, 8 and 6 
hours and the second, of fi and 4 hours, etc. 

This hence suggests that tbs second component may contain a small residual dement 
accompanying the first, and that the third component will be either independent or a factor 
of the expansion commencing with the first component, but independent of the second. 
Similarly, the fourth component may -be pat oi the expansion of both the first and 
second. 


Third »m taunt if Iht'diurml f man ossiUtlion . — The only possible assumptions 
respecting the origin of the third component are 1 — 


(1) That It represents the effect of an independent action ofieight hours period, or 
(a) Thu it is a portion' of the effect doe to the eauses producing the first com- 
ponent, which althangb of 34 hoots period cannot he expressed as a simple 
harmonic function of that period. 




RECORDED AT K STATIONS IN INDIA. 


365 

The first of these supposition! appears to be at once baited by the statement that 
here is no independent physical action of eight honrs period, hence a strong antecedent 
proof that the second conclusion or assumption is the correct one. This is confirmed 
by the following considerations.— 

(i) The amplitude of the third component is very small, resembling in character 
that of a residual effect rather than the total effect of an independent cause or action. 
The following gives data showing its mean relation to the amplitude of the first 
component : — 



Complete data of the amplitudes of the third component for 33 stations for 
each month mil he found on page 31a 

(a) The amplitude of the third component vanes hugely (relative tb its actual 
amount) and sommrfaat irregularly. This is best shown by data for ten selected 
stations : — 



is larger in Southern India and Lower Burma than in Northern India. In other worda, the 
variability is greatest where the meteorological actions are most regular and least variable. 
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DISCUSSION OF THE RESULTS OF THE HOURLV OBSERVATIONS 


{3) The annual variation of (he amplitude of the third component follows the same 
as that of the first component with the one remarkable exception that the maxima 
epocba of one correspond with the minima of the other. The data for this are given in 
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The following gives mean values of tbs amplitude at the critical epochs of the first 
and third components for the two large groups of stations in the plane of India:— 



The preceding data establish that the critical epochs agree in all periods except'the 
third in which the epoch of the third component is slightly accelerated over that of the 
fust and that they ate inverse in character, i.s,, the minimum of one coiresponds to the 
maximum of the other ip time. 

The ratios of the mean amplitudes of the first and third components in Tropical and 
Kxtra-Tropica^India are practically the same at these periods 
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(4) The amplitudes of the first and third components' are greater in Extra-Tropical 
than in Tropical Iodi& ( in which respect these components differ from the second; as is 
shown by die following data. : — 
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ft may also be noted that the relation holds not only for the mean day of year hat 
practically throughout die year. 

(5) The variability of Ui i* much greater than that of U, in both areas and increases 
with latitude, as in shown by data for the fall erring stations in the interior:— 
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(6) The mostremarkable feature of the third component 0 n which it ia unique) is the 
large change of epoch at the time of the minimum phases. There is little changeof phase 
in either of the two intermediate periods. The following given data in illustration 
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discussion o; the results ok the hourly observations 


The data indicate that die change occurs shout the equinoxes. During the period' 
when the sun is south of the equator and the day period of 9 olar influence is less 'than 
la hours the first maximum is about n A.M., and during the remainder of the year when 
the sun is north of the equator and the day exceeds ta hours in length, it is about 
5-30 a.m. A comparison of the data also establishes that the epoch of the inversion is 
simultaneous with the epochs of minimum amplitudes. 

The concurrence of the critical epochs of the first and third components and other 
points of parallelism or correspondence and the very great variability of the amplitude of 
the third component indicate that that component is not a variation duo to the action of 
independent causes but that It iichiefly what may be termed a correction to the first com- 
ponent, to modify a purely simple hinnonic variation to an actual variation duo to causes 
which are not simply harmonic (of 14 hours period}. It is in bet a residue! of a re- 
sidual 

It appears to he desirable to ascertain the effect of superimposing the third compo- 
nent on the first in order to explain the function of the large change of phase which occurs 
in April and September. 

In Plate LXXII, Figs, r to 6 , are given curms representing the diurnal variation of the 
first and third components, and of the sum of the two at the stations of Jaipur and Allaha- ' 
bad for the three months of January, May and July, representative of the cold-dry, hot- 
dry and wet seasons. 

From October to March, the first maximum of the third component is at about a A.M, 
From figures (1) and (4} the following conciusioos may be deduced:— 

(1} The morning maximum of the combined curve is considerably later than that 
of the 13 , curve. . 

(a) The evening minimum of the combined curve is later than in the U, curve. 

(3} The combined curve has a slight secondary variation in the early morning and 
in the afternoon. An examination of the data shows that this feature is 
only present during months when the ratio of the amplitudes of the first to 
the third component is less than 4 to t. 

(4) The rate of increase of pressure in the combined curve is less than in the U, 

curve generally from 3 A.M. to 6 A.1I, and is greater from 7 aju. to 10 a.m. 

(5) The rate of decrease of pressure in the combined curve is greater than in the 

Ui curve from noon to 3 P,m, and is leu from 4 p.u. tofiV.M. 

The curves ior May and July repretent the superimpositiou of 0 , on li, when the 
tint maximum phase of the third component is at about 5 A.M. A glance at these curves 
at once shows that the effect of the soperimposition o! U s on U, is much less marked in 
those mouths than m January. The chief effects in this case are 

(1) The first maximum In the combined curve is roughly about an hour earhe* 
than in the Uj curve. 

(*) The afternoon or evenmg minimum is slightly earlier in the combined curve 

than in the Ui curve. 

The effect of the superimposition of the third apou the first component is to retard 
e mormrig maamnm by an amount depending on their relative amplitudes 10 tbs period 
Se tether * ndt0 aow * B:a{ *' t ^“®S the remainder of the year from April to 
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It would hence appear that the third component is in part a correction or addition to 
the diurnal or 34 hourly component duo to the varying length of the day and is hence 
apposite in its action or sign according as the diurnal period of the solar action is greater 
or lev than to hours. 

Fourth comfouiut.—h has been pointed out that there are large and massive notions 
of diurnal and of semi-diurnal period and that the six.houtly component may represent or 
be due to either of these pt to both of them, and if so that its further resolution from this 
point of view is at the present not possible. 

The amplitude of the fourth component is small for all seasons and for all stations 
in India, bat it varies largely and somewhat irregularly throughout the year, the only 
common feature bang n maximum in the cold weather and a minimum usually in the 
rainy season but somewhat irregular in the period of its occurrence. 

The folloning table gives the monthly values of the amplitudes of the fourth compo- 
nent for sit large groups of stations in India for comparison 



In the plains of India the amplitude of the fourth component varies between ‘0005' 
and ’003* and is hence very small in amount, more especially nhen compared with the 
values of the amplhudcs of the first and second components. It is hence most probably a 
residual of a residual effect. 

The annual variation is large relatively to the aelual amount and is somewhat irre- 
gular. There is a fairly well defined maximum in Decemher (in January in the Tropica 
India Coast area) and an equally sell defined minimum in the rainy season (in July) on 
the average of ail stations. The variations nro small from May to September and the 
actual data indicate that the epoch of this minimum ranges between June and August. 
The data also suggest that there are no well defined general secondary maximum and 
minimum values. Notwithstanding the agreement of period it appears to me very doubt- 
ful whether it can be assumed that the annual variation of the fourth component is in part 
due to variation of distance ol tho sun which is least at perigee in December and greatest 
in apogee about the end of June. 























3 jo DISCUSSION OF THE RESULTS OF THE HOURLY OBSERVATIONS 

Tbs following table gives the epochs of the absolute sod. secondary maximum 
aad minimum values in the annual variation of the amplitudes of ‘he four components 
of the diurnal pressure oscillation in India i— 
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The fourth component agrees with the second in the absence or insignificance of 
the secondary oscillation and with both the first and second in the occurrence of the 
absolute minimum values in the height of the rains. It differs from both in having 
its absolute maximum in the cold weather but in this feature resembles the third 
component. 

The amplitude of the fourth component on the whole decreases with latitude, and 
also with elevation, in which respects it agrees more closely with the second than the Gist 
component. 

The epoch Of Uie first component.— The comparison of the law of annual 
-tronfon rfi Yne nuriar* absorption eh best energy by the simosphere anhditbt hrti tom* 
ponent has indicated that they are closely related as cause and effect. 

It hasbeec shown that there is a slow but iairiy uniform transfer of energy from the 
lower atmosphere to the ground surface during the night. This accompanies cooling of 
the air, generally mass descent or contraction of the mass of the atmosphere, together with 
a alight influx above which increase* the super-incumbent mass, and hence the pressure of 
the lowest stratum. Hence the general effect of this night action or air, movement is to 
give a slight bnt continuous increase of pressure so long as the movement continues. 

Conditions change immediately after siinrise. The excess of solar radiation is 
absorbed at first very slowly, hut in increasing amount until about mid-day and thence 
decreases until sunset A large portion of the energy is given up to the atmosphere. 
The lowest strata are rapidly heated and convective movements are initiated which increas e 
in intensity and volume until a or 3 P.u. in the lower strata and 3 or 4 fjj. in the middle 
strata. Thia vigorous uptake is accompanied and followed by outflow above togstherwith 
mmiiar influx below (.less in amount). The mess of super-incumbent air hence decreases 
from shortly after sunrise and so long as the convective movement proceeds and hence 
also the atmospheric pressure near the earth's surface will decrease from about or shortly 
after sunrise until about sunset. 

The complete action will probably extend through a greater depth of atmosphere in 
the first stage (i'a, during the night hours,) than the second stage (during the day hours). 
The influx in the first stage will occur m the upper strata, whilst the outflow in the second 
stage probably not above the middle atmospheric strata. 
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The preceding argument hence indicate) that this change of pressure mil he of 24 
hour) period, and that the maximum will probably be about or shortly after sunrise, and tbe 
minimum slightly before or about sunset 

The action is not simply periodic for two reasons. 

/sfr— The night action is different in character, intensity and amount from the day 
action, 

and,— The length of the day action varies from about 1 1 hours in the cold weather 
(December and January) to about 13 boon m May and June in Northern 
India, and differs slightly in amount in Extra-Tropical and Tropical India. 

The following gives for immediate reference and etanpaiistm the more important 
features of the maximnm and minimum epochs in the diurnal variation of the first com- 
ponent. 

(1) Tbe epoch is later than the mean of the year from January to May and outer during 
the remainder of the year. The following gives data for tbe tiro large divisions of 
India:— 
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The epochs are latest when the days are shortest and earliest when days are 
longest. 

(a) The retardation and acceleration are largest in amount at the most northerly sta- 
tions, The following gives corresponding data for three stations, vis., Jubbulpore, 
Jaipur and Lahore^- 



• Secndwy aaSmm ipocft, 


The data indicate that there k considerable irregularity depending probably upon 
local conditions hut that an the whole there ia a tendency to a larger range of variation 
with increasing latitude which is in accordance with the assumption 1— 

























3J2 DISCUSSION OP THE RBSULTS OP THE HOURLY OBSERVATIONS 

(s) The retardation of the epoch in Exta-Tropical India increases with latitude a 
snotra below r— ' 
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son through the earth's atmosphere and before reaching the earth. In anti- cyclonic 
regions tbe absorption will be least effective in raising the temperature of the air or the 
absorption will be small in consequence of the prevailing dryness of the atmosphere, where 
as in low pressure belts, more especially in the equatorial belts of great humidity, the 
atmosphere will be largely heated by the son's rays as the absorption of the solar radiation 
will be a maximum. 

Dr. Buchan hence bases his esplana|joo on tbe principle that the diurnal oscillation of 
pressure is primarily due to the direct absorption by the air of the energy of solar radia- 
tion, and that the amount of this absorption tafia very considerably with the hyg romata 's 
conditions of the air, absorption increasing with increasing humidity, absolute and relative. 
He considers that this factor alone obtains over the oceanic surfaces, and hence 
assumes that it is also tha primary factor over the land surfaces, but that it is supple- 
mented in the Litter case by the heating of the land surface, which varies very largely 
under different conditions, whence arises the variability of form or character of the 
diurnal oscillation on land, mare especially when contrasted with its invariability in the 
open oceans, or to quote Dr. Buchan's own words “ the fact indicates dearly that the 
diurnal oscillation is not primarily caused by the heating and coaling oi the earth’s surface 
by solar and terrestrial radiation and by the effects which follow these diurnal changes m 
the temperature of tbe surface. It is primarily caused by the direct and immediate 
healing of the atmosphere by solar radiation and cooling, and by nocturnal radiation to the 
cold regions of space of the molecules of the air and its aqueous vapour. These changes 
of pressure due to temperature are instantly communicated through the whole atmos- 
phere from its lowermost stratum resting on the earth’s surface to the extreme limit of 
the atmosphere. There are focal peculiarities; but it is particularly to be noted that tbe 
barometric oscillations art independent of any change of temperature »f the floor on 
zrhich the atmosphere rests." 

The following also gives in Dr. Buchan’s words his complete statement of the various 
causes and actions contributing to the double diurnal oscillation (tide Encyclopaedia 
Britannica, Vol. XVI) 

“ [( the temperature of the whole of the earth's atmosphere woe raised, atmospheric 
pressure would be diminished, for the simple reason that the mass of the atmosphere 
noutd thereby ba removed to a greater distance from the earth's centre of gravity.* Quite 
different results, however, would follow if the temperature of only a section of the earth's 
atmosphere acre simultaneously raised, such as the section comprised between longitude 
so" W. and 6o° W. The immediate effect would be an increase of barometric pressure, 
owing to expansion from the higher temperature ; and a subsequent effect would be the 
setting in of an ascending current more or less powerfnl, according to the differences 
between the temperature oi the heated section and that Of the air on each side. These 
are essentially the conditions under which tbe morning maximum and afternoon minimum 
of atmospheric pressure take place. 

"The earth makes a complete revolution round its axis in twenty-four hours, and in 
the same brief interval the double-crested and double -troughed atmospheric diurnal 
tide makes a complete circuit of the globe. The whole of the diurnal phenomena of 
tbo atmospheric tides are therefore rapidly propagated over tbe surface of tbe earth from 


• Tha Mews wceU probably dm hck.i1 three sr four Iheuudlhi of on inch. 
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(4} The epochs are in all months earlier in Tropica] than in Extra- Tropical India. 
The following gives data illustrating this feature 



The mean epoch of the maximum is 6-15 AJ.I., or very shortly after mean sunrise in 
Tropical India and 7-34 a.m. or upwards of an hour after mean sunrise in ExtraiTropical 
India. The epoch is on the mean day of the year upwards of an hour later in Extra- 
Tropical than Tropical India. 

The differences average rj hours in the dry season and are absolutely greatest in 
October, November and May when they are nearly hours in average amount. They 
diminish to nearly three quarters of an hour in the height of the rains (July and August). 

(5) The epochs are greatly delayed at stations on mountain ridges. The following 
gives an estimate of the retardation for every alternate month at Paehmarhi and Simla, 
the only stations for which data are available 
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discussion of the results of the hourlv observations 

(6) The epochs aw, on the other hand, accelerated in mountain Talleys, Data are 
giren lor Leh and Snnagat which are etamples of statioos in closed valleys 
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The stations in the Assam Valley exhibit a slight acceleration similar in character but 
much smaller in amount and mote irregular » its annual variation. 

(7) Stations on the coast hate their epochs earlier than the stations in the same 
latitude m the interior of India t— 
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The supposition or theory that the Bret component of the diurnal pressure variation 
represents the pressure eflect of the varioua actions and movements (or transfer of energy) 
due to surface absorption (or Interchange of heat and energy between the ground surface 
and the loaest atmospheric strata), it will be seen at onoe, explains the more impor> 
tent and characteristic features of the maximum and minimum phases of that compo. 
neat, as shown below— 

The argument on page 370 indicates that during the day hours pressure due to this 
action would decrease up to a tmaimura about sunset from s maximum shortly after sunrise 
and heecj that these phases would vaiy with the season being earliest Id May or June 
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and latest in December or January. The range of variation would evidently be greater 
in Northern than Sontbern India increasing with latitude. This is in accordance with 
features numbered (i) (a) and (3) in pages 371 and 37a. The maximum epochs also 
agree closely with the epoch of nil difference between the ground and air temperature. 
The data for testing this are very limited and it is much to be regretted that observa- 
tions of this element were not included in the hourly observations. 

The transfer of heat from the earth's surface to the atmosphere commences 
when the temperature of the former iu its diurnal variation begins to rise above that 
of the superjacent atmosphere. This according to the Jaipur observations ranges at that 
station {vide Plate IX. Figs. 7 and 8 ) between 9 A.M. in the cold weather (January) and 
7 A.11. in the hot weather (May). 

The correspondence or parallelism between the annual variation of the epoch of the 
maximum phase of the first component and (1) mean time of sunrise, (2) mean epoch of nil 
difference between the temperature of the ground and the superjacent atmosphere is hence 
marked and confirms the hypothesis. 

The local variations numbered (4) (5} ( 6 ) and (7) in pages 373 and 374 stated above 
are of importance and are general and well marked. 

The first for consideration is the slight acceleration of the maximum epoch in the 
diurnal variation at the coast stations (relative to stations in the interior), the amount of 
which is fairly constant from month to month (slightly greater in the wet than the dry 
season) and averages approximately twenty minutes. 

It may be premised that any local peculiarity of air movement will have a corre- 
sponding local peculiarity in the pressure distribution directly and definitely related to it. 

The acceleration of the epoch at the coast stations may be due either— 

,(;1 ,tr Jhr.lnca>jii r .nuwmmtj5xhihitftd mmi Jittmjpjf .in ,th/> Ay .season when .it 
forms the land and sea breezes, 

(a) to the local conditions of humidity and cloud which modify and accelerate 
the epoch of nil difference between the ground and air temperature. 

The first appears to be of little influence compared with the second for the following 
reasons : — 

(1) The acceleration is less in the dry season than in the wet season (utifcdtta, page 
281) and is hence not when ihe land and sea breezes ore most pronounced, 
(a) The acceleration is very marked at Trivandrum, Chittagong and Kurrnchee 
in the rains. It is variable and irregular at Madras and Rangoon. This 
is explicable in the case of Madras where the contrast between the wet 
and dry seasons is slight and also very irregular. 

It may hence be interred that the acceluralion at the coast stations is due to the 
kraal conditions of humidity an cloud. In consequence of the greater humidity (and 
amount of cloud) at these stations throughout the whole year than at stations in the 
interior the radiation from the ground surface will be much less in amount especially 
by night and hence the surface temperature will fail to a smaller amount and for a 
shorter period below the air temperature. Tho epoch of nil difference between ground 
and air temperature will hence he earlier and the acceleration will depend upon 

Hi 
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the varying intensity o{ the determining conditions end hence be greatest in the wet 
season, the senses of greatest humidity and cloud, t 

The data given m the preceding chapter (pages aSi-sSa) are in agreement with these 
conclusions. The only available data for the difference between the surface and air 
temperature for coast stations are for Madras end, as already noted, its conditions arenot 
similar to those of the remaining coast stations. The thermometers at Bombay for 
giving surface temperature have unfortunately been placed from their introduction under a 
thatched roof and are henca of no value far this comparison. 

The acceleration of the epoch in Tropical relatively to Extra-Tropical India is 
probably due to the fact that the epoch of hi? difference between the mil and air tem- 
perature is earlier in the former than the latter area. This is probably due to the smaller, 
range of temperature and the greater influence of the sea. 

An important feature due to local conditions is the acceleration of the epoch of 
the first component in mountain valleys and its retardation on mountain crests end ridges. 
The explanation of the peculiar features of tlra diurnal pressure oscillation at mountain 
stations is given by Dr. Hann (ciVe "Weitere Uatersuchnngen liber die TSgEchc 
Oscillation des Barometers.") 

Thu following Is a very brief nummary of his explanation 
11 Consider the simplest case that of a broad mountain region conaisting of a series 
oi parallel ridges of triangular section with intermediate valleys of similar section, as shown 
in the following diagram ; 

K|i. 



" Let ns assume that the surfaces of equal pressure are horixonlal (and the air mass 
id equilibrium) and that afterwards the air in heated. In consequence, the air mass in the 
valley -mil expand by amounts depending upon the length of the column of the air affected. 
It in evident that the ait mats originally hounded by the horiaontal d i d, will be bounded 
afta heating (without movement) by a broken line i e d,. Pressure will remain the same 
at points near the surface, bat at higher points win be increased by an amount equivalent 
to that of the mass raised above that paint. Thus at i the pressure will bn increased by 
an amount, equal to the weight of a mass of unit lection and height i t. Movement will 
“WMsiily occur, the final result of which will be that the tins bounding the mass will be 
d 1 P d 1 and pressure will be increased at d by the equivalent of mass height i d‘ and 
will be decreased at the bottom of the valley (e) by the equivalent of the mass d 1 c. 
This will be the remit of the local heating and conseqnant movement nt the valley. 

" If the valley be basin-shaped the decrease of pressure at the lowest point will he for 
the same increase ol temperature greater thin in the preceding case. 

".Also if the air in the vatiqy be cooled to the same extent the pressure changes 
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due to the resulting air movement win be the oppoiite to these arising from increase 
of temperature. There trill be an increase of pressure at the bottom of the valley and a 
decrease on the mountain crests. The double action will hence give rise to a pressure 
oscillation or variation of 34 hours period, the amplitude of which will depend upon the 
total change or variation of temperature, and tha phases of which will be opposite in the 
valley and on the mountain top.” 

The decrease of pressure in the mountain valleys and increase on the neighbouring 
mountain ridges will proceed in actual practice slowly. 

During the whole period of increase of temperature in its diurnal variation in these 
areas, the pressure changes due to this action and the reverse action by night will give 
rise to a pressure variation of 14 hours period, the critical epochs occulting early in the 
afternoon and shortly before sunrise in dry dear weather. In the rainy season in North- 
ern India when the shies are usually heavily overcast from day to day this action will be 
small in amoont and probably irregular in its character. There will hence he a large 
seasonal variation both in the amplitudes and epochs of the diurnal pressure variation at 
stations in the Himalayan moantain area. 

It is shown in the pressure section that the epochs of the second component at 
mountain stations (valley and crests) are practically identical with those in the open 
plains, but that them are very large differences tn the epochs of the 6 ret component at 
these stations as compared with stations in open plains. This hence suggests that 
the pecnliarities in the diurnal oscillation at mountain stations are chiefly exhibited in the 
first component. This also might be inferred from the facts of the explanation given 
above. 

The following gives the mean amplitudes of the first component and cloud amounts, 
month by month, at the mountain stations above 5,000 feet in elevation : — 
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The data of the preceding table shew dearly that as cloud increases the amplitude 
diminishes and net wss, U the varying elevation of the sun and hence the diurnal 
change of temperature be also taken into consideration it trill be eeen that these factors 
mainly, if not entirely, determine the amplitude of this oscillation. 

There is also a close agreement or parallelism between the variation of the epochs 
and the afaief seasonal featnres. The epochs are in all cases latest in fine dry weather 
when the increase of temperature during the day ts large. They are earliest in cloudy 
gloomy weather with thickly overcast skies and rain (when the temperature variation is 
very small and the maximum ol the day is usually accelerated). 

The following table gives the epochs of the Erst component at the same stations:— 
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I the explanation given above be correct, the diminution of pressure at rf, and in- 
crease, at i [vide Fig page 376) due to increase of temperature should commence about 
sunrise and continue up , 0 t he hottest time of the day in the valley, if., about a w*. 
when the reverse action and change would act in. 

The data show that fee maximum epochs at Agustia and Simla (stations on tnorni. 
tain ndges) are betueen noon and a Pit. in diy clear weather and between 7 and 10 A.W. 
■n rainy weather wife thick overcast skies. The mawnrem epochs hi fine dry weather 
accwd fairly with the theory or explanation. The acceleration of the epoch in the nun. 
season appears to be too large lor the theory and indicates that there are other action 
m addition to the valley action of the explanation. 

. Th * { f Lth Srinagar show that in the Himalayan raHeya the epoch of the 
minimum is probably much less irregular than at the mountain ridge stations. This mav, 
owwoTj e due to the feet that both are almost or quite beyond the influence ot the gre&t 
sou -rat monsoon humid carrems, The most noteworthy features are that the mim* 
tnum epoc s are several hours later (6 to 7 p,m.) than the marimnm temperature conditions 
lev ey* and that they art in the dry season, when the actum n most pronounced, 
0 0 seven hours feter than the maximum due to the same action on mountain create* 
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These large deviations may perhaps be explained by one or other of the follow- 
ing j— 

(i) The large general interchange or up and down air movement between the hills 
and plains in North-Western India. The direction and strength of the move- 
ment indicate that there is an accompanying relative increase oi pressure in 
the lower air strata over the hills dunng the night hours from abont sunset 
or shortly after, up to 8 A .si., or g A.M., and a similar decrease of air 
pressure during the day hours. This decrease during the day hours would 
hence tend to retard the epoch ol the day minimum horn about a P.M.,(due 
to the greatest valley action) probably to about 5 p.w. or 6 p.m. 

(:) The slow movement of the cool air down the sides of the enclosing mountain 
ranges into the valleys is an action or movement additional to that of the 
general expansion or contraction (wife Dr. Hann's explanation). Dr. Hann 
shows that this movement will give an additional increase to that doc 
to the general contractions! effect due to decreasing temperalnrc. This 
nould tend to delay slightly the early morning maximum and hence the 
epoch of the primary or 54-hourly component of that action and of its 
pressure effect. 

(3) The air movement producing pressure changes in the plains probably extends 
to the hill districts of Northern India and hence gives rise 10 a snail oscil- 
latory variation of pressure similar to that over the plains hut of smaller 
amplitude. 

Dr. Hann's explanation ol these pcenliariltcs (due to rniying expansion and contrac- 
tion in valleys) supplemented by the general alternating air movement over the Western 
Himalayas accounts for the fallowing features of the first component of the diurnal 
pressure oscillation at these stations 

(1) The occurrence of the maximum phase of the first component in mountain 

ridges about the holiest time of the day in day dear weather. 

(2) The occurrence of the maximum phase slightly (one to two hours) later in 

cloudy rainy weather at mountain ridge stations than at neighbouring plain 
stations. 

(3) The occurrence of the minimum phase nt valley stations in fine dry weather 

three or lour hours later than the maximum phase at the mountain ridge 
stations. 

(4) The large variation or acceleration of the epochs of the maximum and minimum 

phases at the valley stations in cloudy rainy weather. 

(5) The annual or seasonal variation of the amplitude of the first component, 

varying inversely as the amount of cloud and hence also in part directly 
as the diurnal range of temperature in the valleys. 

There arc other (but less important) variations from the ordinary type of the diurnal 
pressure oscillation at a few stations in India due to certain specialized or local air 
movements, the chief of which arc 
(t) Land and sea breezes, 

(a) Mountain and valley winds. 



j8o DISCUSSION os THE RESULTS OP THE HOURLY OBSERVATIONS 

The effect of land and aeR breezes trill be similar in general character to that of the 
alternating mountain and plan air movement in Northern India, In other words when 
the movement of tho lowest air stratum (in the West Coast districts) andWest Gbits 
more especiaBy) is from the land to aea (daring the night) it wiO be accompanied by a 
local relative increase of pressure over the hills and -coast districts, and during the day 
when from the sea tc the land it will accompany a local decrease over these districts. 
This is confirmed by an examination of the isobars for 10 a.m. and 4 P.M. of the months 
of March, May and April which show a large increase in the pressure gradients during 
the day, at once explained by the above considerations. 

The following shows how the amplitudes of the first component are increased by 
this action in the dry season at Poona : — 



t.&, of the atmospheric absorption of radiation, determining the epochs of the maximum 
and minimum of the second component are complex and much more difficult to estimate. 
Before desling with this sobject it may be well to recapitulate for easy reference the 
more important features of these epochs which require explanation. 

(1) The annual variation of the diurnal epochs of the second component is 
remarkably small in India. The mean range of variation in Tropical India 
ia 50 minutes and in Extrs>TtopicnI India, 33 minutes. The following 
gives data;— 


Am*. 

Eartart epocfi 
(tn Nowata) 
Au»vidrM 

Tropical India ...... 

tUlra-TropIttlJiidia • • ■ « . 

9-iS 

9-44 
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The diurnal epochs of this component are earliest over the whole o( India in Nov 
ember, tbe month of greatest serenity, and latest in the month of July, the month of 
greatest dood and rain. 

(a) The epochs are slightly earlier in all months in Tropical India than in Extra 
Tropical India. The following gives mean data 



The difference between the epochs in these tnD areas is hence remarkably constant 
in amount throughout the year and averages 17 minutes and is independent of seasonal 
changes. 

(3) The most noteworthy feature of tbe epochs is that they are almost simultane- 
ous over tbe whole area equally in the interior coast districts and in moontam valleys 
and on mountain peaks. This is shown clearly by the data of the'following table — 
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The data indicate (i) that the epochs relative to mean local time ate very slightly 
(about ij mantes) earlier in iTropical than in Extra-Tropical India and very slightly 
earlier in the coast distncti than in the interior districts, very slightly later on mountain 
crests, but the differences do not exceed a few minutes and are almost within the range 
of probable error. That these differences are, however, real is shown by the examination 
of neighbouring pairs of stations (for which see page 313)- 

(4) There is a slight variation with season in these epochs. They are earlier 
in the diy season than in the rates but are remarkably uniform in each of the two 
seasons. 
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ie 

0 

>0 

6 
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» 

s« 

M 

a 
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* 

45 

9 

49 
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9 

41 

9 

47 
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» 

a 

10 

a 

DIu> Valin Batina 

10 

1 

10 
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(5) The epochs we very slightly easier an the PemasoJa then ia North- Western 
India nr there is* slight retardation of Epoch at all seasons with increase of latitude. 
It is somewhat irregularly shown by the stations for Which data ate given below — 
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(6) The epochs of the morning maximum of the second component of pressure in 
it* diurnal variation agree very closely with the epochs of the maximum rate of increase 
of the second component of temperature i D its diurnal variation. 
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cut to west, the movement being most rapid in equatorial regions, where consequently lie 
amplitude of the oeoltalion is greater than in higher latitudes under similar atmospheiic 
astronomical and geographical conditions Owing to the rapidity of the diurnal heating 
of the atmosphere by the sun through its whole height, some time elapses before the 
higher expansive force culled into play by the increase of temperature can counteract 
the vertical and lateral resistance it meets from the inertia and viscosity of theuir Till 
this resistance is overcome, the barometer cgptinnes to nse, not because the mass of 
atmosphere overhead is increased, but because a higher temperature has increased the 
tension or pressure When the resistance has been overcome, an ascending current of 
warm air sets in the tension begins to be reduced, and the harometer falls and continues 
to fall till the afternoon minimum is reached. Tins iiu forenoon maximum and 
afternoon minimum are simply a temperature effect, tie amplitude of lie oscillation 
bung determined by Ictitnoi, tie quantity of cjuauu tupout met head and the sun’s piece 
M the sky" 

“When the daily maximum temperature is past and (he temperature has begun 
to fall, the air becomes more condensed in the lower strata ana pressure consequently at 
great heights is lowered Owing to this lower pressure ra the upper regions of the air, 
the ascending current, which rises from the longitudes where at the time the afternoon 
pressure is low, Sows back to eastward, thus increasing the pressure over those longitudes 
where the temperature is now falling 1 Ins atmospheric quasi tidal movement occasions 
the evemog increase of pressure, which reaches the maximum from 9 P v to midnight, 
according to latitude and geographical position The eotning maximum u therefore 
caused by accessions to the mass of the atmosphere overhead, contributed by the aseend 
mg currents from the longitudes of the afternoon Ini pressure immediately ta 
mstoiard " 

“As midnight and the early hours of morning advance these con'nbulions become 
less and less and at length cease altoge her and pressure continues steadily to fall 
But between the time when the increase of pressure from the overflow through the upper 
regions of the atmosphere cesses and the time when pressure increases from the heat 
rays, direct or indirect, of the returning sun, or during the hours of the night when the 
effects of nocturnal radiation are a maximum, pressure is still further reduced from 
another cause Radiation towards the cold regions of space takes place, not only from 
the surface of the globe, but also directly from the molecules of the air and its aqueous 
vapour The effect of this simultaneous cooling of the atmosphere through 11s whole 
height is necessarily a diminution of its tension Since this lakes place at a more rapid 
late than can be compensated for by any mechanical or tidal movement of the atmosphere 
from the regions adjoimog, owing to the inertia and viscosity of the air pressure cuntmues 
to fall to the morning minimum The warning minimum is thus inf, not to the removal 
of any of tie mass of air oeerhtad, as happens tn the case of the afternoon muinuw, 
but to a reduction of the tern ion or pressure of the air, consequent upon a reduction in tie 
temperature tbrouf h raitatwnfroru aerial molecules towards the cold regions of space 
In the upen ocean the morning minimum is largest in the equatorial regions, and it 
dnmonhes with latitude but the rate of diminution with latitude through aoti-eyclomc and 
other regions is generallj less in amount and also more uniform than in the care of the 
afternoon minimum 1 
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The following gives data for the six large groups of stations for the mean day of 
the year in illustration of this fact ■ 



The correspondence, it will be seen, is almost exact, there being according to the 
data a Blight lag of about 15 minutes m Tropical India and in the deep valleys and an 
advance of about twenty minutes on the mountain crests 

The following monthly data for Extra-Tropical and Tropical India show that the 
correspondence holds throughout the whole year — 



It is also noticeable that the slight general variation of the retard (a) and [b) is 
practically the same in character for Tropical as fm Extra-Tropical India and hence 
that it is real It may also be pointed out that the epoch of greatest increase of 
temperature due to U, follows the epoch 0! maximum increase of pressure U, from April 
to September 
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Tie data for tbs determination of the Fariation of the energy of the atmoaphere due 
to mass absorption or radiation are very meagre. 

Daring the night hours the only targe and invariable process is that of radiation into 
space and to the earth. There is a continuous decrease of energy due to that action 
during this period of the day. On tbo other hand, during the day hours there is a 
continuous process of absorption of the energy of solar radiation and also of emission of 
atmospheric radistion into space which probably increases slightly to a maximum shortly 
after the hottest time of the day but depends largely for ite amount on the amount of 
dust and dead in the atmosphere. For a resume of the results of investigations on this 
interesting subject by Maurer, Trabert and others, see Hann's Meteorology, pages 44—46. 

Tbe chief results are— * 

(1) Maurer, Pemter and Trabert estimata the radiation of tbe atmoaphere to a 
copper plate on tba ground at ’39 Kalnries. 

(1) Maurer thinks that tbe radiation by day may exceed ‘50 Kalories. 

The data are only valuable as showing that the terrestrial radiation is considerable to 
large in amount. 

We have now to ascertain the approximate law nf variation of tbe amount of the 
energy of solar radiation absorbed by a given masa of atr during the day. 

The diagram below illustrates the following discussion .— 


ft «. 



AB respresents a breadth from east to west of Northern India covering so" of longi- 
tude. Its length north and south may be talren as unit (degree, etc.) C is the middle 
point, A a c b B C A represents the whole of the atmosphere to a height acted upon by 
radiation, which may be as much as too snUee, 
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There it supposed to be no action of rulractien, os this mil not affect the genera) 
argument. 

D is a tangent from b to the cirth*' surface and this lino represents the direction of 
the sun (before sunrise) whin iu radiation commences 10 be received by the mass AD b 1 
at the highest and most easterly point b. As the sun passes from the- direction 5 | D to 
th it of S, C where ?, C is a tangent .at C and to S, \ u here it is a tangent at A it will bg 
seen tnat the miss of (lie atmospn.re in the spice A B b a which .absoras radiation ins 
ctetses crmiouousty. If the height B b be too miles a simple calculation shows that the 
angle BOD will be approvim tlely 13 s or the total angle A 0 D will ha about 33°. Hence 
dunng 1 period of about a) hours the absorbing mail in the space A Bb a (over India, for 
example) aid increase during a period ol about 2) hours from zero up to the total maps. 


t f a 



Tl c amount of energy received by the spice CDtF sic I is 3 (or practically by 
ABEh) hi ei.it ol linn, whrct CK is the direction ol the sun making angle 0 mtb the 
vci neat 

AD Sin tfxvxs 

•vhere v 11 d s arc constants tcptetenting the velocity ol light ind s the energy transmits 
hJ ji.Miyh juut uthta. 

llti.ee the ai oart received per unit of lime by the spite (winch is other absorbed or 
passes through to hut the earth’s surface, etc ) varies as the angle ol del alien ol the sun 
.■ml I cncc mere i'e up to in d d ly 

On the other h in J, tile absorption varies duett!) with dist nice traversed iceonling to 
some la t ulitcli vanes cons d.rably with the aniiosphtiic eunditiuns and altitude ol the 
sun, 

lie lbsorpimia per unit of time in the spice Cf'CD or A 1 T.I 3 is 

CD/I(C T)X* tV or nail bt propornon d 10 I (msec dyxSin tl. 

'the vecund factor increases with <1 but lbc first faeior decretive with ff.and prabiblv 
at a greater rate ’Inn ihc second I icier mere im ». 1 lie amount ol absorption depends 
upon the I iw of vartuion of absorption with angular ■ Uv.ttivn 9 and is proli ill) 1 lOmpkx 
lutKt.on involving e.m) element*, fg, amuUul and ilMriluilof) nf aqueous tapuur, car- 
bonic acid and du it m the air ind their variatiun vsttii dial iitec or thickness ol the abiorb- 
mg li)<r. No observations ol which 1 ,1111 aware luinish data from which the law m ty be 
inferred. 

If, as it appeirt reasonable to assume, the absorption for the same mass nnd volume 
is very large uhui the angle t is small and decreases viry rapidly as tl increases, 11 
follows that the ibsoqilion will decrease more or leva considerably front the period when 
the whole nu.s is first aflcelcd up to the period of the greatest elevation of the sun 
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As already pointed oat, tie amount » 3 l be affected by the amount of dust and cloud 
in the atmosphere, hence as these tend to increase in the afternoon in both the hot 
<ueathet and die mins, there trill be a tendency to a slight acceleration of the epoch of the 
minimum absorption in these two periods. 

Hence so far aa can be judged from the very imperfect data the absorption of solar 
radiation by the atmosphere over a given area in the tropica, as for example, India has a 
double maximum in the course of the day. One minimum trill be tbont or perhnps shortly 
before apparent noon, and there will be a prolonged minimum during the night hours when 
it it mt 

The variation of the energy due to mass absorption due to all the various co-operat- 
ing actions will hence have a double maalmum in the course of the 14 hours. Hence if 
it were expressed as a series of harmonic components the first term would have a period 
of is hours. 

A calculation shows that if the whole of the solar radiation energy were utilized m 
heating the atmosphere the amount received in 24 hours would veiy approximately 
increase the temperature of the whole atmosphere ia“ F. 

The energy absorbed is, according to Langley, only about one-third of the total 
amount which passes into the atmosphere, and would hence, if utilized in heating the 
whole mass, uniformly increase its temperature by about 4* F. 

This energy is probably Erst transformed into heat or ruses the temperature of the 
mass. This, however, disturbs the equilibrium and gives rise to movement which in this 
case considering the great breadth of area almost equally affected, is primarily expan- 
sions! with subsequent small horizontal movements. 

There appears to be a tendency to exaggerate the amount of the horizontal move- 
ment in the upper strata due to the passage of the wave initiated by the expansion and 
contraction of the atmosphere accompanying the diurnat variation of temperature. 

According to the best authorities (side Haon's Meteorologie) the diurnal variation 
of temperature is almost evanescent above 5 000 feet. 

This may perhaps be considered doubtful by some meteorologists, considering the 
character and amount of the action of absorption of solar radiation and emission by 
atmospheric radiation. It is, however, almost certain that the variation is very s mal l 
compared with that near the earth's surface. 

Assuming a diurnal variation of 30“ F, in the lowest strata diminishing to 1" or s" 
* T??, * “ t0 ‘tat the acceleration due to the slope of the isobars in 

e mi e or igher atmospheric strata would almost certainly not exceed oooi feet per 

second, and that this continued for six hours (the interval between the passage of the 
crest and trough of the la-honriy component) would give a velocity cf only two feet 
Pct second and a total displacement in six hours of only four miles, .after which a similar 
letam movement would occur during the neat sir hours. The preceding results have 
no pretence to accuracy, but are only given as showing the very small motions which the 
expansion of the atmosphere due to increased heat would give rise to, if there were no 
accumulation or effect due to what may be perhaps termed a resonance action— as bas 
been established by the investigations of Murgnles, 

Hence* aa a subsidiary conclusion, it is possible, if not probable, that the commence- 
ment of movement u the direction of the gradients due to the advance, of the wave 
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(produced by expansion and contraction of the atmosphere) may be considerably delayed, 
as the gradient at each transition stage (through the maximum and minimum phases of 
the wave) and (or some time afterwards is exceedingly small and hence may not be 
sufficient to overcome the resistance due to viscosity. 

the general character of the mass absorption of energy, more especially the regu- 
larity of its action from day to day within the tropics, is in accordance with the chief 
feature of the epoch of the second component (tide pages 380—3), tfs., that the 
epochs are almost simultaneous at all stations in India, whether in the plains or m moun- 
tain areas, or whether in the coast and m the intenor. 

The maximum epochs are at about 10 A.U. on the mean of the day, that is, consi- 
derably after the commencement oi the absorption of the solar radiation in the air mass 
above India, indicating that the outflow due to tbe absorption or consequent heating of 
the air occurs from four to five hours after the commencement of the process of absorp- 
tion. This retardation in the present case of the decrease of pressure which usually 
accompanies increase of temperature of any largo mass ot the atmosphere is probably due 
to the actions or causes stated above (page 386.). 

ft appears, however, to be more in accordance with the investigation of Maigules to 
suppose that the secondary wave which puses round the earth many day is not to be 
explained as a result of the actions and variations of energy of that day, but that it is an 
accumulation of effect due to a resonance action, and that there may be a considerable 
retard io the epochs of this wave over the epochs of the daily variation of eneigy of the 
atmosphere. 

Also, if the assumption or hypothesis of tbe double maximum of absoiption be cor- 
rect, it is dear that the epoch of the first maximum of tbe mass absorption will be accel- 
erated and the second retarded ax the season advances from January to June and that 
the opposite variations wdl obtain during tbe remaking half of the year. The midday 
minimum will, however, be unaltered in its epoch with the seasonal changes of the sun's 
elevation, and will hence probably be tbe main factor in determining the epoehs of the 
Bcsselian resolution which will hence be almost unchanged throughout the year. The 
following data for Extra-Tropical and Tropical India, Inland, show that this is the 
case*— 



The epochs in Tropical India are slightly earlier than in Extra-Tropical India (by 
amounts averaging 16 minutes,) This is, as in the case of the first component probably 
due to the contrast between the air movement ever the comparatively narrow belt of the 
Peninsula, as compared with that over Northern India, 
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The epochs at the coast stations are slightly earlier than at the inland stations. 
This is also apparently a differential action due to the greater humidity and cloud at the 
coast stations, mote especially in the afternoon hours, one result of which is to accelerate 
the epochs of maximum uf both Gist and second components of the temperature variation. 

There 19, on the other hand, a very slight retardation at mountain stations. Professor 
Harm has given an explanation in accordance aitb his general theory of the local actions 
and air movements in mountain valleys and finds in it a confirmation of that theory. 

In the pieced mg remarks an attempt has been made to connect the epochs of the 
first and second components with the large actions producing them. 

Comparison of epoch of evening maximum of the pi'essure 
oscillation and of the diurnal minimum of cloud.— In the following 
pages (388—391) certain comparisons are given to test statements that have been made 
with respect to the correspondence of certain features of the diurnal oscillation and the 
variations of other elements of observation. 

Blanford has stated that the epoch of evening maximum of ihe semi-diurnal pres- 
sure oscillation agrees with the diurnal minimum of clood. The following table gites data 
for twelve representative stations under discussion 1— 



It Is hence probable that the correspondence » not 'due to any direct relation but 
par aps to both being results of the same large atmospheric movements. 

Comparison of epooh of the morning maximum of the 
diurnal pressure oscillation and of the greatest rate of Increase 
of temperature in lie dhirnal wft-fctftoffc-Itfcas been stated that the epoch 
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of the morning maximum of the diurnal oscillation of pressure corresponds closely with 
the period of greatest rate of increase of temperature. The following gives data m illuj' 
tration i — 
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The data show diet the epoch of the greatest rate of increase of temperature almost 
invariably precedes the morning maximum of pressure by a short interval. The former on 
the mean of the stations for which data are given is 8*43 A.M., and the latter 9-31 A.M. 
foe the mean of the year, thus, showing a difference of almost exactly three quarters of ait 
hour. The difference varies to some extent during the yearand ranges between 33 minutes 
in January 1 and 59 minutes in April. The differences are hence approximately constant 
throughout the year, and are such as to indicate that the epoch of the morning maximum 
of the total diurnal pressure oscillation U closely related to, and probably in part at least 
determined by, the greatest rate of increase of temperature in its diurnal variation. 

The following table gives the epochs of the maximum rate of increase of U, and U’ • 
of temperature for the mean day of year and for the months of January, April and July, 





















discussion of the results of the hourly observations 


representative of the cold and hot weather seasons and the rainy season for ten repre- 
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The following table gives the epochs of the maximum values of the first and second 
components ni pressure for the sama stations for comparison with the preceding data :~ 
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the comparison of the data in the preceding table leads to the following inferences 

(l) The mean epoch of the greatest increase of the first component of tempera* 
tsre avenges about 8-45 a.m. over the whole of India and occurs (leaving 
But apparent local irregularities) at practically the same instant over the 
whole of India. 

(a) It i» practically unchanged in the dry season, but is horn 15 to 56 minutes 
earlier in the rainy than the dry season over the Peninsula, Central and 
North-Eastern India. It variea very little in Upper India, the driest area 
in the rains. 

(3) The mean epoch of the greatest increase of U, of temperature on the mean 

day of the year is 10 AM. approximately and varies little over the whole of 
the year, and 11 almost simultaneous with the morning maidmnm epoch of 
the second component of pressure. 

(4) The epoch of the second component is slightly earlier in the hot weather and 

the rune than in the cold weather, except m North-Western India, where 
it is slightly retarded during the rains. The relations between tha epochs 
of the first component of the dmmal temperature variation and the morning 
maximum of pressure are similar to those which have been shown to obtain 
between the epoch of the total temperature variation and the morning 
maximum of the pressure oscillation. This ia of course due to the fact 
that the first component ia the predominant factor or term in the diurnal 
variation of temperature. 

Comparison of the diurnal oscillation of air pressure and 
the diurnal variation of temperature and other elements of 
observation.— In the following paragraphs ii discussed the question of the relatione 
that obtain between the diurnal variation of air pressure and the diurnal variation of 
aqueous vapour pressure, cloud, air movement and temperature. 

A. Aqueous tafmr frusur *.— The more noteworthy features of the diurnal variation 
of this element have been given in Chapter V, pages 1 14 to 139. 

Curves representing the annual march of this element for fifteen stations are given in 
Plate XXIII, and curves representing the diurnal variation for four or five groups of 
stations (arranged according to types) for each of the four seasons Into which the year is 
divided, will be found in Plate XXIV. 

Corresponding data lor each of the four seasons for each of the a8 stations at which 
hourly observations were recoided will be found in Plates XXV to XXX. 

Curves giving the diurnal pressure at Snnagar deduced from a short series of hourly 
observations during the year will bo found in Plate XXXI. 

These curves, more especially these of Plates XX 1 I 1 , XXIV and XXXI appear to 
deserve careful examination in connection with the general investigation of the phenomena 
oE the diurnal changes of meteorological conditions in India. 

The curves in Plate XXIU, illustrating the annual variation of aqueous vapour pressure 
in different parts of India, indicate the dose and intimate relation between that element and 
the large seasonal changes and the connected air movements. These curves, as might be 
expected, are similar to the corresponding curves for the annual variation of temperature 
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and range of temperature (*|A Plates X, XI, XII and XIII} They are simpler and 
more regular than the temperature eurves but, like the latter, indicate a large annual 
variation (nth a single minimum and maximum for all stations except those in Southern 
India where the rainfall due to the south-west monsoon entrants has a double periodicity. 

The minimum value of the aqueous vapour pressure is in January or February, or 
slightly later than the minimum epoch of the annual variation of temperature which is at 
most stations in December or January, The maximum epoch of aqueous vapour pressure, 
as a rule, coincides with the month of greatest influence and Intensity of the south-west 
monsoon conditions— and hence in June or July but depending to a very slight extent 
upon the position of the station, This epoch is hence from one to two months fater 
than the maximum value of die annual variation of temperature. 

A comparison with the corresponding curves for pressure shows that the pressure 
curves are roughly the inverse of the aqueous vapour pressure. This is due, of course, 
to the fact that both series of changes accompany end arc in part determined by the great 
seasonal changes in the general air movement over India. 

The discussion in Chap. V has shown that the curves representing the diurnal varia- 
tion of aqueous vapour pressure at the stations in India, may be grouped in two main 
types. The first type has only one maximum and minimum in the 24 hours and the 
second type two maxima and minima values during the day 

To the first type belong the variations at Snnagar and the Assam Valley. The 
curves for Snnagar given in Plate XXXI show this type of variation most fully. Theie 
curves have their minima at about € A.M. (the coolest period of the day) and their 
maxima values at 3 P.u. to 4 P.M. or very shortly alter the hottest time of the day. 

They are almost identical in form with the curves representing the diurnal variation 
of temperature at Snnagar and represent the effect of evaporation with its allied 
processes and actions in modifying aqueous vapour pressure in the lowest air stratum 
during the course of the day (as painted out in page 153). The conditions of the Kashmir 
Valley are pecnliarly favourable for large evaporation effects, and for the absence of con- 
vective action,. The Srinagar curves may hence be accepted as giving the form of the 
curve of variation due to evaporation only, the only important variation from one station 
to another and from one season to another bemg in the amplitude of the diurnal variation. 

The additional general action which converts this variation of 24 hours period into a 
double variation is that of the convective movements set up during the day hours by the 
rapid increase snd variation of temperature in the lowest air stratum. This convective 
action is restricted to the day hours from about 8 A m, to 5 p.m. and gives rise to a 
continuous decrease of aqueous vapour pressure during the period of increase of con- 
vective movement from 8 a.m. to about 9 or 3 p.m, and an increase thence la t or 6 pm 
when the movement sad action ceases. 

A discussion of the variation of the aqueous vapour pressure due to this course will 
be found in Chap. V, and it is not neeessaty to add anything further on this point. 

This second action and effect it will be seen occurs directly in the lowest stratum and 
hence, if it is related to the diurnal vans non of pressure, tbs relation should be sought in 
the first rather than the second component. The same is also the case for the r uh 
of evaporation. esuns 

A comparison of the curves in Pktes LXV to LXX giving the annual variation ft f 
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The following Is a very brief summary of the above's— 

(, 1st ) The 10 A M. or morning maximum is a direct temperature effect— temperature 
1 at this stage gives rise to increased pressure doe to the inertia of the air. 

[and) The 4 P.m. or afternoon minimum or the decrease of pressure between 
10 a.m. and 4 p.m. is slso a direct temperature effect— the temperature 
changes during the period chiefly giving rise to ascensional and convective 
movements. * ' 

t?rd) The 10 P.M. or evening maximum or the increase of pressure between 
4 p.m. and 10 P.M. is due in part to a backflow from the low pressure 
wave in front and also to compression by cooling and descending air 
masses, 

(4th) The 4 a.m. or morning minimum and the preceding decrease of pressure are 
mainly due to actual diminution of air pressure^ and not of amount or 
mass, consequent upon reduction of temperature nl the higher strata 
produced by radiation towards the colder regions of space. 

(c) Hann.— O n the whole the most important contributions to the subject are 
Dr. Hann’s " Untersuchcn fiber die Tagliche Oscillation des Barometers.” Dr. Hann 
considers that the barometric diurnal oscillation is mainly due to ’ibe absorption of the 
solar radiation, in the higher atmospheric strata. His investigations were hence partly 
undertaken tn test whether there is an annual variation in the diurnal oscillation 
corresponding to the periodicity of solar activity determined by its varying distance 
from the earth during the year. 

Dr. Hann points out that the resolution of the diurnal oscillation into harmonic 
components by the Besselian formula is essential to a true comprehension of the facts 
and that the first two components obtained by this method are independent elements, 
components or constituents due to the action of independent causes. The first component 
(the period of which is 34 hours) is very variable, whereas the second component is 
remarkably regular amidst the changes of season and weather and also of latitude. 

Dr. Hann applies the Besselian analysis to the observations of a very large number of 
stations and the comparison of the results leads to the following conclusions respecting 
the amplitudes and phases of the first, second and third components respectively — 

(A) Amplitude of Grst component (U,). 

(1) U, shews large difforencas at neighbouring places in the same latitude and is 
very variable and irregular. 

(а) U, is largo for stations in mountain valleys, from two to three times as large 

os in open places in similar latitudes, but the diurnal oscillation in valleys 
is in other respects normal. 

{3) Ui i* also large for coast stations in low latitudes. 

(4) In low latitudes (0° to 33°) U, has its maximum value usually in May and 

minimum in July or August. 

(5) U, is small for stations on mountain peaks or the crests of mountain ranges. 

(б) U, shews large it regularities from place to place, snd it is difficult to formulate 

a simple law for its variation with latitude, 

(7) In equatorial regions, and hence over the greater part of India, U, has its 
absolute maximum in April or May and its minimum in July. There is also 
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the actual vapour pressure and of the amplitudes of the Brat and second components 
of the pressure oscillation for fifteen stations leads to the following inferences i— 

(i) The annual variation of the aqueous vapour pressure at the great majority of 
stations differs largely from that of the amplitude of the first component, 
and very largely from that of the second component There is no dearly 
defined direct or inverse relation between these elements. 

(a) The annual variation of the aqueous vapour pressure is at the great majority 
of stations a regular carve having one maximum and minimum, and 
approximately similar to the annual variation of temperature but inverse 
to the curve represenring the annual variation of the amplitudee of the first 
and second components of the B esse lian resolution of the diurnal variation 
of temperature. This inverse correspondence is due chiefly to the fact 
that the amplitude of the diurnal variation of temperature varies inversely 
with respect to the amount of aqueous vapour jxresent in the air in the larger 
seasonal changes in India. 

(3) The annual variation of the first and second components of the Bessehan 
resolution of the diurnal variation cf aqueous vapour pressure differ very 
widely from station to station and present largo irregularities, in which 
respect they differ greatly from the annual variation of pressure, temperature 
and air movement This is of course an example of the very great variabi- 
lity of this element of observation, frequently due to very slight differences 
of local conditions, etc. 

The variations are related in part to the hygrometric qnalrty of the prerad- 
ing winds and to the occasional large variations of this element during the 
day and hence are very large at stations such as Kunachee, Calcutta, 
Fiona, jJbi'gaum, etc., wtiete lhna’and'sea Breezes afcmbiir dinar in 1 ithr 
year give nse to large and sudden changes of the aqueou9 vapour pressure. 

The combination of the 14-hour variation due to evaporation and the day variation 
due to convective movement gives rise, as previously stated, to the diurnal variation 
with two maxima and minima which obtains at most stations. The epochs and 
amplitudes of this double oscillation depend upon the relative intensity of the two 
actions. There is usually as might be expected little variation in the epochs The 
minimum values ate usually in the morning ahout 5 or 6 A.M. end shortly after the 
hottest time of the day, t.t, about 3 or 3 p.m. The maxima vary more largely, depend- 
ing far more upon the relative intensity of the two actions, but are uBoally at about 
9 a ju. and 8 P.M. These epochs are not similarly related throughout to the epochs of 
the diurnal oscillation of pressure. 

The comparison hence leads to the conclusion that there is no direct relation bittern 
the diurnal variation of atr pressuro and of aqueous vapour pressure. The variation of the 
latter usually represents a local effect, whereas that cf air pressure in virtue of the very 
great rapidity with which pressuro changes are transmitted through the atmosphere and 
readjustment effected represents the mean integrated efftet of action over a large area. 

There are undoubtedly relations between the two but they are indirect and are due 
to the changes of air movement set up by changes in the amount of aqueous vapour 
present in the air. Cleveland Abbe's discussion on " buoyancy " in his preparatoiy 
studies is of special value in studying this aspect of the question 
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The cloud formation nt this period of the day occurs stall seasons and over the whole 
of India and is hence a general and not a local action, It occurs during the night hours in 
the absence of expansive and convective movements and when the only general movement 
is slow descent and contraction due to cooling. The only possible explanation is that it is 
doe to cooling of a nearly saturated air stratum by radiation. This explanation accounts 
for the sudden increase at a critical period which averages 4 a.m. The coolmg of the 
air continues until about sunrise. The process of condensation and cloud formation implies 
the release from what is usually termed a latent stage of a large amount of energy to the 
mass of air containing the condensing aqueous vapour. It apparently does not set up in 
the slowly contracting air mass the upward movement necessary to the readjustment of 
pressure and hence then is very probably a local and temporary increase of pressure 
which is transmitted. If this explanation be correct, it suggests that the increase of 
pressure in the diurnal oscillation from about 4 A.ll. to sunrise at the coolest period of the 
34 hours may be, in part, due to the considerable condensation of aqueous vapour which 
occurs in all seasona in the middle or higher atmospheric strata in India during this period 
of the day. 

The large increase of cloud in the warmest part of the day is due to the large con- 
vective movements which occur at that time and increase for sometime the intensity of 
that movement and hence of the accompanying horizontal movements and pressure 
changes. It is probable that this to some extent accounts for the variability m the 
amplitude of the first component in different parts of the intenor of India. 

The correspondence between the cloud and the aqueous vapour pressure curves 
which is at once seen by comparing curves for the same stations in Plates XXIII and 
XXXIX is interesting as the former gives a feature of the middle atmosphere and the 
latter of the lower atmosphere, thus indicating that the seasonal conditions determining 
these, xviaiinos affect similarly hy far the greater depth at qart of the atmosphere over 
India. 

The comparison oi the 11, curves for pressure with the cloud curves of the seven 
representative stations andJbe aqueous vapour curves shows the dependence and varia- 
tion of each with the broad distinction between the wet and dry seasons, but there are luge 
differences, local and seasonal, which indicate that the variation of U, cannot be related 
directly to either aqueous vapour or cloud. Tbit is, there are variations (secondary 
maxima and minima, etc.) which exist in one that have no counterpart in the other. 
Hence it is not possible to look to these elements for the direct explanation of the chief 
features of the diurnal oscillation of pressure. 

C. Tmferaiuri , — In Plates LXV to LXX are plotted the annual variations of the 
amplitudes of the first and second components of the Besselisn resolution of the diurnal 
variations of pressure and temperature and the annual variation of temperature and of 
the diurnal range of temperature lor 15 stations, 

The following gives the chief results of the examination of the curves in these six* 
plates 1 — 

(i) The annual variation of U, for pressure is large and well marked, the chief 
features bring a pronounced maximum in the dry season, and minimum in 
the rainy season- At several stations including Bombay, Calcutta and 
Nagpur the curves have only one maximum and minimum. The curves 
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Sunns jasaivoq iou si aamiqiuasai aq£ amisjadmai jo *fl pus ainssaid 
pi «n io) sauna aqi uaauiaq sjaqio oi pun aimsjadinai jo 'fl joj asoqi 
pm amssajd jo jo uopsus.v |Ewras aqi joj sauna oql oaauiaq ujsajS si 
aanciquiasai sqj sasno 9 mas it[ -X|n{ m X||i[Un'iioreas ia& aqi a; (aitqosqB) 
aimamm r pm (qtuup) JO Ximuqsj Xqensn) aosuas Xip aqi ui (sinjosqe) 
'uinmixtw b aieq qy -ampmadiiiai joj sauna »(j pm 'ft aq) pnt ajnssajd 
joj sasjna •(] aq } oaaaiaq aauaiqoiasai amos'puiq jaqio aqi no 'si a»q£ (E) 
■siuamap oul asaip uaaaisq uopnpj paap 
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ajnssajd aqi jo luauodooa iug aqi i*qi qs uqmsa oi puinhai si }sq} uisipj 
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jajjtp ajnssaid pm ajnieiaduiai jo luaoodmoa isig aqi jo uopnisA 
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aqi )da»*a |]eioj suns ajdnns t si ajnjBjadurai joj jo uoiieiisa jsnuue 
aqi 'SuoSEinq^ pm aooSus'y w pwunouojd isom 'uosess la* aqi jo pua 
aqi IB uinmiuiuj pun uinniunui puoaas b si aiaq* snojisis iso in if isqi 
aisaipui osjb Xaq^ ■suoiiipuoa jo sauuiqnaad [fao| oi iiBd ui app suopsis 
3uunoqq3ian in apsijjdins oi sb ||a« sb bjjoj u{ i|qB»pBuoa Xba jagip 
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(4) The comparison of the U t corves for pressure and L\ for temperature (Plates 
LXV, LJCVI and LX VI I) discloses an almost complete absence of parallelism 
except in the one feature that both sets of curves hat e a maximum and 
minimum at the same season of ths pear, A comparison of the curves for 
Bombay and Aden on tbe one band and for Allahabad and Jubbulpore on 
the other shone that a large range of venation for one dement may accom, 
pany a small range of variation in the other and mce vend. Also m some 
cases the critical epochs of the absolute maximum and minimum of the U, 
temperature curve precede those of the Ui of pressure (as at Chittagong and 
Rangoon) and in other cases {eg , Lahore, Jaipur and Allahabad) they 
follow and in a few cases (eg, Jubbulpore, Poona and Bellary) they are 
simultaneous. Also in some eases, as for example Aden, Madras, Lahore 
and Chittagong, they differ so largely m form as to show that there is no 
direct relation between tbe elements which they represent 

(5} Similarly, the comparison of the curves representing the annual variation of the 
second component of temperature with those representing the second 
component of pressure shows, as in the preceding comparison (4), that they 
differ considerably and irregularly in their critical epochs, largely in the 
form of the curves or the law of the annual variation of tbe two elements 
and more especially in the relation of their amplitudes, large amplitude in 
one accompanying relatively small amplitude in the other, and vice vend 

(6) Similar conclusions follow from a comparison of the curves representing the 

annual variation of the diurnal range ol temperature and the curves repre- 
senting the annual variations of the first and second components of pres- 
sure The same conclusion at once follows from the consideration that the 
carves for the former are almost identical with the U, curves for tempera- 
ture, the diurnal variations representing tbe combination of the four compo- 
nents (Ut, U„ U, and UJ of which U, is by Ur the most important 

(7) There u hence no direct relation helm ten the amplitudes of the frst and 

second components of pressure and temperature of suck a nature that me 
can he expressed as a function of tie other 
It may also be pointed out that the first and second components U, and U, of 
temperature are almost certainly not independent of each other m which respect they 
differ from the corresponding pressure components, Tbe following gives reasons — 

In the first place U, and U, vary similarly in amplitude and epoch in such a manner 
as to show they are component parts of a general variation, This is at once seen by a 
comparison of the curves giving the annnal venation of these two elements in Plates LXV, 
LXVI and LXVII, In the second place, the 94-kourly actions giving rise to tbe diurnal 
variation of temperature are not subject to the simple harmonic law, and hence the 
resultant temperature variation could not possibly be simply harmonic Hence tbe second 
component or twelve-hourly element is a necessary element of tbe resolution of the 
diurnal variation and is not an independent element due to different actions from those 
giving nse to the variation represented by the first component There are undoubtedly 
variations of other elements of observation affecting temperature which bate an approxi- 
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small twelve-hourlj component of temperature (whatever its origin or character) might 
give rise to a large corresponding oscillation of pressure of that period. Margulea 
has established that under certain conditions the free period of oscillation of the mass 
of the atmosphere is approximately is hours, thus confirming Lord Kelvin's supposition 
and strengthening the probabilities of the conclusion baaed on it 

There is hence a considerable probability that the twelve-hourly component of 
pressure may be due in part at least to a resonance action, and that this may contribute 
to the largeness of its amplitude, more especially when compared with that of the 
first component 

This however does not invalidate the conclusions based on the comparisons given in 
the preceding pages It may however be pointed out that this argument ia based on 
an important principle, cas^ that the dinrnal oscillation on any given day ia not to be 
explained by the actions or conditions of that day only. It is a regular movement fully 
established and maintained by a more or leas regular periodic addition and subtraction 
of energy in the atmosphere and the smaller local and irregular variatinna from day to 
day are almost obliterated by the general actions. 

As the conclusion given in italics in page 397 is of great importance for the discus- 
sion, it appears to be desirable to give numerical data in farther support and confirmation 
of die statement. 

The following gives data (1) for Extra-Tropical India, Inland, and (a) for Tropical 
India, Inland, of the amplitudes of the first or second component of pressure and either 
the first or second component of temperature • 

Comparison 0/ U, tf pnssnrt milk V, mi 0 , sf Umptrature. 














DISCUSSION OF THE RESULTS OF THE HOURLV OBSERVATIONS 

Cmfitrim tfUrf prttmrt mth V, and U, of tcmfitrctan. 
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The data for Extra-Tropical India indicate that for at least half of the year the 
variation of Ui, the first component of pressure, is inverse in character to that of the 
variation of Ui for temperature. Thus bom March to Map Uj for pressure is increasing 
while that for temperature is decreasing. Similarly from September to November, Uj for 
pressure is decreasing whilst that for temperature is increasing. The opposite relation 
obtains during the remaining months of the year, The comparison between U, of pressure 
and U, oi temperature for Extra-Tropical India approximately gives similar results. They 
increase or decrease together in five months and vary inversely in seven months. The 
comparison of the corresponding data for Tropical India shows a similar absence of invari- 
a e relation between the actual variation of U, of temperature and of the first component 
of the pressure oscillation. 

The following gives a similar comparison for U, of pressure and Ui aod U, of tem- 
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The annual variation of U* for pressure agrees more closely with that of either U, 
or U a of temperature than was the case with U, for pressure. 

Thus in Tropical India the monthly Talus of U a for pressure and Ui of temperature 
increase or decrease together in nine months, and vary inversely in three months only. 
Similarly the monthly values of U, of pressure aud temperature vary directly together in 
nine monthe end inversely in three months. 

There is hence no simple and direct relation between the amount of the variation 
from month to month of these elements. 
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Discussion OF THB RESULTS OF THE HOURLY OBSERVATIONS 


Htate & may be inferred, from this ampins tn that the amplitude if neither ike 
first nor the stmd component of pressure is a direct function cf either the actual tern' 
ferature vana/mt cr of Ike variation <f the first or second components into mhuh the 
temperature variation can be resolved by Bassets method, 

D, Air movement,— It has been stated mote than once that the pleasure changes 
due to the venation of the temperature of the atmosphere at any place would, if there were 
no air movement, consist of a single oscillation oi large amplitude, the maximum and mini- 
mum of which would be et the epochs oi highest and loweat temperature during the da;. 
The actual variation differs very largely from the above due to the large general air 
movements initiated by the pressure changes accompanying increase and decrease of 
temperature and of density of the etmosphere. 

Character ef movement due to mass absorption .— This absorption occurs throughout 
the whole mess depending upon vanous factors the Isas of which have not yet been 
worked out. The chief feature is that under similar weather conditions such as, ■ for 
instance, obtain in fine weather during the dry season over the whole of India and the 
adjacent seas the total dinrns) amount of mass absorption varies little from place to place ' 
in Indie. The only important variation is in the epochs which occur at very approxi- 
mately the aame instants of local time, and which ire hence transmitted westwards with 
the apparent velocity oS the sss is he dSu/asl marc h. 

The effect oi expansion in giving riie to a displacement of the »obars in the vertical 
direction and to movement is fully explained in various meteorological text books, fn 
considering the question it is beet to limit the atmosphere by say the isobar of tn,' which 
15 probably at a mean elevation of at least go miles. 

This isobar will he elevated above its mean position during the day houra and 
depressed below during the night hours. If we consider only the effect oi the second 
component of the temperature variation, this variation wilt occur twice in the day, the 
result being the apparent transmission of a wave the crests and hollow* of which will be 
separated by time intervale ol six hours. The same will be tree for lower isobars but the 
amplitude of the vertical movement mil decrease dovrowsids and he « f 7at the earth's 
surface. At any instant there will be a tendency to movement of the air from the crests 
to the hdlows which mil give we to e forward and backward movement of the atmos- 
phere. Dnta have been already given which indicate (but do not prove as they are only 
based <m assumption) that the total forward or backward movement of the air particles 
■s probably small in amount, 


Theory henca appears to establish that any horizontal movement due to this action 
in the upper atmosphere (where it ail) be greatest) will be vety small in amount, so smalt 
nat it is very doubtful whether observations of the cirrus clouds will ever be sufficiently 
eimra to show a corresponding diurnal variation. If the amount of the movement be 
relatively small in the upper strata of the atmosphere, it will evidently be much smaller in 
the lower strata In other words, there is almost certainly no large genanl periodic mass 
movement over India from east to west during one part of the day and from nest to test 
in another part of the day whieh effects (increases or diminishes) the general eaitn td 
movement of the upper atmosphere (as indicated by observation* of the hirrhMt -aIL 
clouds) from west to east gnw elmw 
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m the equatorial regions a secondary maximum in August or September and 
a secondary minimum in December or January* 

(8) U, is three times more variable in its amount than U,. 

(B) Phases («,) and epochs ol the first component i— 

(l) The mean value of u, is 360“ and very nearly corresponds to a maximum 
epoch of 6 a. is* It is fairly constant in low latitudes (o° to 35°). 

(а) The oiean value of a, is 13* in mountain valleys (corresponding to the 

epoch of the maximum phase at 5 A.M.). 

{3} The mean value of u, for stations on mountain peaks is 9S0* (differing, how- 
ever, considerably with elevation), This corresponds to a maximum epoch 
of 11-flo aju. Hence the maximum phase is greatly retarded on mountain 
peahaand is slightly sccelorated in mountain valleys. 

(4) 0, varies very irregularly, even at neighbouring stations and under apparently 

similar circumstances. 

(5) a, shews great irregularities in its variation throughout the year. 

(б) In general it may be stated that the daily oscillation of the barometer in 

mountain valleys is almost normal, with the exception of a very large in- 
crease of the amplitude of the 94-hour wave. 
iV)' nhrepucihrci'iVhr dfsir cuinptnnan* <nw sir Ltimanuunr mftdnht ilknr itluse 
of the second component. 

(C) Amplitude of the second or twelve-honrly component (UJ 1 — 

(l) There is in equatorial regions a well-marked double annual variation in the 
amplitude U, of the second component, the maxima of which are in March 
or April, and August or September, and the minima in June or July, and ' 
November or December. The law for the annual variation of U, within the 
tropics is 1— • 

D,= - o338+-ooi7 sin. (99° 3o'+3o°x)-f ‘0095 sin. (987° as'+fo 0 !), where 
x represents rime in months. 

(9) The most characteristic feature ul the yearly variation of the amplitude'U, is 

the occurrence of the maximum values at the spring and autumn equinoxes 
when the sun is vertically over the equator. The epochs of the minima values 
are June and December (almost without exception). The amplitude U, is 
smaller at all stations for June than for December, thus establishing that 
there is a period of variation corresponding with the least and greateat 
distances of the sun, 

(3) U, is slightly increased in mountain valleys and slightly diminished below its 

normal value at stations m the interior of continents, and also relatively to 
the coast stations in higher latitudes. 

(4) U, has (abnormally) large values m India or, assuming the normal values 

derivsd from the formula given in (6) or the data in (7) in the following 
page, the amplitudes of Indian stations are greater than those values as 
given by the latitudes of the stations. 

(5) The amplitude of the second or tnolve-bouriy component of the diurnal pres- 
sure oscillation decreases in the tropics with elevation in the same latitude 
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Character of aoument due to surface absorption — The movement due to ratface 
absorption differs entirely from the preceding which is perfectly geo eml and occurs equally 
over land and sea. This movement is dne to the coequal heating of land and sea 
surfaces and also of different portions of the land surface. This action gives rise to rapid 
upward convective movements with the attendant inflow below and outpour above. This 
action extends to very different heights during the day and attains its greatest elevation 
shortly after the hottest time of the day and even in the height of the hot season in India, 
rarely extends above two miles. It is hence confined to the lower portion of the atmos- 
phere and includes vigorous irregular uptake over the land area, the volume and intensity 
of which have a variation following closely the heating of the ground surface and of an 
outflow above to the adjacent sea areas chiefly and an inflow below from the adjacent sea 
areas. The whole movement has a well marked diurnal variation the character of which 
is given by the diurnal variation of velocity in the lowest atmospheric strata. Charts 
illustrating this feature at 15 stations for the four seasons of the year are given in Pistes 
LIU to LVI 

The diurnal variation of wind velocity due to this action is prohably found in its sim- 
plest form in India at central stations, «£., Agra, Lucknow, Lahore, Jubbulpore and 
Nagpur. The representative curves for these stations are not simple harmonic. The 
chief features are nearly constant velocity during the night hours, a rapid increase com- 
mencing about 8 A.M. (varying slightly with the season) to a mavimm^ between 3 p.M. and 
4 p.M. and a rapid decrease until 8 or 9 p.u. The day actions hence impress a large 
12-hour variation in the velocity the epochs of which correspond with the day variation 
of temperature and pressure. 

It may perhaps be passible later to eliminate the total movement in the lowest strata 
dne to expansion of the air (and the general wave movement) the intensity of which pro- 
bably does not vary much during the whole 04 hours period horn the mean night air 
movement and thus obtain an approximate estimate of the horizontal movement due to 
convective action. 

A comparison of the curves giving the anoual variation of the lower air movement at 
twenty-nine stations {vide Plate Lll) with the curves giving the annual variation of the 
amplitude of the first component (vide Plates LX V to LXVII) suggests the following 
inferences : — 

(1) There is no direct relation between the annual variation of the average wind 
velocity and the variation of the amplitude of the first component of 
pressure, a large variation in the air movement occumngwith small variation 
of , the amplitude of the first component, and vice vend. The curves for 
Kurrachee, Lahore, Jaipur, Allahabad, Rangoon, Madras and Belgaum 
illustrate this, 

(a) Both sets of corves agree in showing a pronounced maximum and minimum 
corresponding to the characteristic contrast between the dry (cold or hot) 
weather and the rains, but the epochs do not agree even on the assumption 
of an inverse relation. 

(3) In addition many of the curves show a secondary variation at the end of the 
rains, of which there is no trace in others, e^., Jaipur, Allahabad, Belgaum, 
Chittagong, Rangoon and Bellary. At the Deccan stations, more especially 
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Poona, Belgium and Bombay the corves of the first component for pressure 
are roughly the inverses of the wind variation curves. The curves have in 
common one epoch, tie., the July epoch of maximum of air movement and 
of minimum amplitude of the first pressure component They differ 
however widely in the second critical epoch, the minimum of wind velocity 
occurring in October or November and the maximum of the amplitude of 
the first component in April. 

Hotee the bus l qf correspondence bthtm thus tm elements indicate} that there it no 
simple direct er inverse relation between ike first component of dismal variatien ef 
pressure end of tho Itmest air movement. 

A reference to the corves in Plates LII and LXV to LXVII shorn that there is 
an imperfect inverse correspondence between the annual variation of wind velocity and ef 
the amplitude of the second component of the diumsl oscillation of pressure. 

There is a moderate inverse correspondence in the case of the following stations, sis., 
Lahore, Jaipur, Allahabad, Calcutta, Jubbulpore and Nagpur. There is, however, at 
each of these stations a slight oscillatory variation at the end of the rains in the pressure 
curves whieb has no corresponding variation in the wind velocity curve. 

In the cases of Rangoon and Madras, the two curves differ so widely as to indicate 
no relation. 

At the Bombay and 'West Deccan stations (Poona and Bdgaum) there is a very 
large variation in each of the cuives, the epochs of which are approximately coincident 
and the annual variation in each similar in amount. 

Hence there tt ns definite rotation between the annual variation of the air meve- 
meci of the lowest atmospheric strata and of the amplitudes of the first and second 
components of pressure and hence tho latter cannot he expressed as functions of the 
femur. 

It may also be noted here that I have examined (be constants of the periodic formula 
for the diurnal variation of the north and east components nf the wind direction 
(i) according to direction only, and (s) according to direction and amount of 
movement and found that there is no general agreement between the epochs of either 
the first and second components and the epochs oi the first and second components 
of the preside oscillation. The epochs in the former case differ so much from station to 
station as to thaw that local conditions are a most important element. The variability 
it may he noted, is much larger for tf ip northerly than the easterly component, and for the 
fiist than for the second component of the Besselisn resolution of each of the 13 stations 
(or which the data have been tabulated. The epoch of the second BeseeTian epoch 
ranges generally between 8 a.m. and 10 a.m. and averages 9 A SI. These stations 
include all in Northern India. There is a strongly marked tendency for the maximum of 
the second component of the wind to occur at g-sa A.M. or almost at the same time as 
the maximum or the second component of the pressure oscillation. Whether this is more 
than a mere coincidence cannot bo established until the problem has heen discussed hy 
hydrodynamics! methods. 

I have also had the animal variations of wind velocity for eight stations worked out 
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by BessePs method The following gives the epochs of the maximum and minimum 
values of the first and second components on the mean da; of year 
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t bate endeavoured to show that the interchange of nr movement between the land 
and sea is at all times of the year modi greater in India than has probably been supposed, 
and that it is necessary to take this for granted to explain many meteorological actions in 
India. 4 

It is possible that it is the inter- movement between land and sea which is almost as 
vigorous 10 the dry as in the net season that explains the character of the second com' 
poneot of pressure to which Dr Hann has called attention, via , the excess m South Asia, 
mote especially India (m Je page 333, Cfo)). 

This day movement accompanies a considerable variation in the relative distribution 
of pressure which, as might be expected, is least marked in the height of the reins and 
most pronounced in the hot weather. An examination of the Plates L and LI will show the 
modification of the average distribution of pressure produced or effected by the heating 
of the atmosphere during the day hours and accompanying air movements. The Apr! 
Charts, figs 3 and +, Plato L, are most instructive from this point of view 

It may be interesting to note the following different relations which obtain in differ' 
ent parts of India At Bombay, Belgium and Poona the least amplitude of the first and 
second components ol the pressure oscillation oceurs with the greatest wind velocity. 
In Northern India, on the other hand, the maximum velocity oceurs in the hot weather 
and is practically coincident with the maximum amplitude of the first component but from 
one to two months alter the maximum 0! the second component Similarly the mini' 
mum air movement occurs over nearly the whole of India m the month of November, the 
month of greatest serenity, least cloud and greatest diurnal range of temperature This 
is two months earlier than t he epoch of the minimum amplitude of the first component 
The curves in Plates LIU to LV 1 representing the diurnal variation of velocity 
at fifteen stations in each of the four seasons of the year ara interesting The curves 
for the interior stations of Northern and Central India and the Central Provinces stations 
show that m all seasons the air movement is almost constant during the night hours 
from about 7 pm. on tht average toy AM. it increases from about 7 ill to about 
spm and thence decreases to 7 P Si following the intensity of solar radiation with jt 
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retard of about i to a hours but otherwise varying m total amount parallel with the 
variation of tbs solar action. 

The representative curves for the coast stations are quite different in diameter. In 
certain seasons, as for example for Bombay, aide Figs. 15 and 16 in Plate LV, they show 
lety clearly the double variation of velocity during the 34 hours period accompanying the 
prevalence of land and sea breezes. The following gives the mean velocity at 4 a.m., 
10 A, if., 4 P.M. and 10 p.m. for the three stations of Jaipur, Nagpur and Patna, stations 
fairly represen tniive of the interior of India. 


Hods. 

ftlBAl BOUUT WMD tUOCm ON THI HIM 
D\V MIHKKAB AT 

JllpK 

Koffpur, 

Pain. 



jw 

3*7+ 

TtB 

mill. .... 

l69 

fiuo 

3*55 



m 

6sj 

3*37 

MPJI 

f* 

3 «a 

9*13 


in anaiuon w too general movements that have been considered, there are tiro 
other movements, special and local. ,n character, which requite to be taken into consider 
tiODe These are i— ■ 

(i) Mountain area winds. 

(a) Land and sea breezes. 
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such an extent "that the horizontal movement set up hy the Increasing heat Is more or leas 
retarded. Aa a consequence pressure increases to a greater extent in the morning hours 
than at open stations. The following gives the average local increase of pressure due to 
this cause at 8 a.m. for each month of the year deduced by a comparison of the latest 
averages.— 
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Variation qf amplitude of diurnal oscillation with sunspot ported— It the slight 
variation of the sun's distance is able to impress itself on the second component, it ought 
reasonably be expected that the variation of the sunspots would give rise to a change 
of corresponding period in the diurnal oscillation, mote especially in its amplitude. 

The following gives annual values of the mean annual amplitude of the total oecilla- 
tion for the Calcutta, Bombay and Madras observatories (as obtained from 10 AJi. and 
4 pjj. observations) for the whole penod for *hich observations am available — 
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408 discussion of the results of the hourly observations 

The previous data, show that than is a slight tendency to increased amplitude about 
the maximum of the sunspot period and to decreased amplitude about the minimum of 
the sunspot period. The variation is small in amount and somewhat irregular in character 
(the data, it may be noted, have not been smoothed) and it is doubtfnl whether the data 
are sufficient in amount to establish the inference named above. 

Ceiuhaua .—' The preceding discussion appears to have established that there is no 
direct relation between the diurnal oscillation oE pressure, either in its complete form or m 
its components, and any one of the following elements, vis., temperature, aqueous vapour 
pressure, cloud or air movement so that the annuel variation of the amplitudes and epochs 
of any of theae elements cannot be expressed in terms of the variation of one of the 
remaining dements They are more or less related, the connecting link being the air 
movements set up, chiefly by variations of temperature and aqueous vapour pressure. 

On the other hand, the diurnal and annual variations of the pressure oscillation have 
been shown to vary more or leqs directly with the changes and variations of energy due to 
the processes of absorption by the atmosphere of solar and terrestrial radiation and to 
atmospheric emission of radiation to the ground surface and space. The parallelism, 
more especially in the case of the annual variation of the first component, is very close 
and suggestive of a direct connection and relation. 

It has also been pointed out that the whole variation of energy is due to practically 
independent variations, vis., (r) Hast absorption and radiation, and (a) surface absorption 
and radiation and their rediatribntion by tbe air movements set up and that the former 
giveB rise chiefly to the second term or element of the Besseiian expression of the diurnal 
pressure oscillation and tbe latter to the first term. Of die two processes of absorption, 
the latter varies much more largely and irregularly with the season and latitude than the 
former which is in close agreement with the most pronounced features of the first and 
second components. 

Theae processes are largely dependent upon the great seasonal variations in India, 
and hence we find both the first and aecond components vary in their intensity with the 
broad seaaonal changes in India. 

It hence appears that the consideration of the question from the standpoint of the 
variation of energy of tbe atmosphere due to solar terrestrial and st n. n. P |ieric radiation 
accounts generally for the more important phenomena of the diurnal oscillation of pres- 
sure in India and that further investigation of these factors and the accompanying air 
movement throughout the mass of the atmosphere will probably contribute largely 
towards the solution of tbe problem. 

The last chapter of the present discussion was chiefly written during a prolonged (our 
over the whole of India from November 1901 to March 190s, It is, lam fuBy aware, very 
imperfect and perhapa very hastily prepared. It is however necessary to complete its 
publication before I go on leave in May igoa and I am hence compelled to issue it in its 
imperfect state in the hope that I may perhaps be able to take up the discussion from the 
same nr a similar standpoint at some future time and thus complete the present investi- 
gation. 
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Brief description or explanation of plates VI to LXXIII in Vol. XII, 
Part HI, of the " Indian Meteorological Memoirs 11 
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